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WHEN MOVIE folks want com- 
fort, they want comfort plus... 


That’s why — even though 
Arrowhead Springs Hotel is lo- 
cated 2,000 feet above scenic San 
Bernardino Valley — you'll find 
man-made air-conditioning an im- 
portant factor in the success of 
this popular Spa. 


And as in so many other recrea- 
tional spots in America, Allis- 
Chalmers Texrope V-belt Drives 
play their part here, too. For, 
behind the scenes is an efficient 
Sturtevant air-conditioning sys- 
tem ... driven by fourteen latest- 
type Texrope stationary control 
Vari-Pitch Drives. 


Silent . . . unfailing . . . econom- 
ical . . . long-lived — Texrope 
Drives are “tops” for use on air- 
conditioning and ventilating 


equipment. 


Get the Texrope Facts! 
Don’t forget — Texrope Drives 
are “matched” into exact length 
sets for pulling together. They 
are made of special cool-running 
rubber compound that gives as 
much as 100 or 200% longer life. 
Abrasive wear is avoided by a 
two-ply cover. True V-shape 
wedge design assures more “grip” 
... with efficiencies up to 98.9%. 


For the complete money-saving 





ALLIS-CHALMERS TEXROPE DRIVES 


SHORT-CENTERED, COMPACT VAR 
pitch drives like those at Arrowhead 
simply and quickly adjusted to control | 
operation . . . their stationary contro! | 
tures being adapted to infrequent char 
Heating, ventilating and air-condit 
contractor for Arrowhead was W. S. k 
patrick & Co.; general contractor, \\ 
Simpson Construction Co.; consulting 
gineers, Holmes & Narver; 
Gordon Kaufmann and Paul R. Wi! 


story about Texrope Drives of 
Texrope cooperative enginecring, 
call the district office near you. 
Or write Allis-Chalmers, Milwau- 
kee, Wis. Belts by B. F. G: 
LO-MAINTENANCE MOTORS, 100: 
You'll get better motor performance a 
lower power costs if you use Allis bal mers 
Lo-Maintenance Motors — {amowu |" 
their dependability and low maintenan 
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OPM CONSULTANT 
LOOKS TO FUTURE 


Nondefense industries must plan 
for “a period not of months but of 
years” to get along with much less 
than their requirements in a long 
list of strategic materials, Philip D. 
Reed, chairman of the board of the 
General Electric Co., said at the 
annual meeting of the National In- 
dustrial Conference Board last 
month. 

Mr. Reed, who for three months 
has been senior consultant to the 
director of priorities of the Office 
of Production Management in 
Washington, said he was express- 
ing “‘a few personal observations on 
several points that must be consid- 
ered in charting the course of any 
business.” 

Prime emphasis will be placed on 
military products for five or more 
years, he said, and added that “the 
sooner we accept the fact, for pur 
poses of planning, that we face a 
long period of enormous production 
for defense, with a consequent short- 
age, rationing and allocation of 
strategic materials, the more quickly 
will nondefense industries adjust 
themselves to the new conditions 
and undertake the great task of 
maintaining maximum production 
for civilian needs without interfer- 
ence with defense output.” He sug- 
gested “the redesigning of peace- 
time products wherever possible, 
and where impossible the prepara- 
tion for defense manufacture” to 
prevent shutdowns and unemploy- 
ment. 

Mr. Reed predicted that engi- 
neers, chemists and designers will 
develop new products to help ab- 
sorb the _ increased purchasing 
power, allay inflationary pressures, 
support our standard of living, and 
keep the country at work. One of 
the benefits of a larger national in- 
come, he said, would be an in- 
creased ability to pay for a large 
part of the defense program as we 
go. 

Under present conditions, Mr. 
Reed said, “unnecessary accumula- 





tion of scarce materials, in raw, 
fabricated or scrap form, either by 
defense or nondefense manufac 
turers or dealers, is seriously hurt 
ful to the national program and 
must be recognized as undesirable, 
unpatriotic and ultimately profitless. 
I am confident that no more is re 
quired than to call this matter to 
the attention of industry and busi 
ness, as we are now doing.” 

The post war decade will re 
semble neither the 1920's nor the 
1930's, said Mr. Reed. He summed 
up the following points to be ex 
pected in the future: 

A mature, consolidated. national 
labor organization, led by able and 
understanding men, who will nego 
tiate all questions pertaining to 
wages, hours, and conditions of 


work, with business leaders acting 


Night crews installing air conditioning 
ducts in one of the buildings of the 
Douglas Aircraft Co.'s huge new plant 
at Long Beach, Calif. A 4000 ton de- 
centralized air conditioning system serves 
this windowless black-out plant, as de- 
scribed on p. 307 of the May HPA‘ 
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in concert through associations of 


employers on an industry basis. 

A continuation of the trend 
toward centralized control of money 
and credit 

Large and gradually declining 
government spending for pre 
viously planned and generally « 
sirable public projects, for several 
vears after the war, in order to 
cushion the devastating effect of an 
almost vertically declining demand 
for armaments, 


Great emphasis placed on pri 


duction and a deep determination to 
take whatever steps are necessary 
however drastic, to avoid a recut 
rence of mass unemployment iz 
this end we may expect to see thi 
government gradually relinquishing 
its ownerslup of defense plant facil 
ties on terms and conditions that 
will provide the purchaser with a 
strong incentive to maintain produ 
tion and employment 

Subject to these changes, a sin 
cere attempt to preserve the ele 
ments and incentives of the enter 
prise system 

Whether under these conditions, 
and with profit margins generally 
lower than in the past, there will le 
enough confidence to create a broad 
flow of private savings into new and 
existing enterprises will be the 
factor that determines whether more 
drastic experiments in government 
borrowing and spending will be re 


sorted to. 


NEW CHAIRMAN FOR ARM) 
CONSTRUCTION GROUP 
Major-general William D. Con 
nor, USA retired, has been called to 
active duty, and assigned as chai 
man of the construction advisor, 
committee of the office of the quar 
termaster general, the war depart 
ment has announced. The depart 
ment also announced the appoint 
ment of Dean James H. Graham, oi 
the engineering school, University 
of Kentucky, and formerly a colonel 
in the army, as technical advisor to 
the chief of the construction divi 
sion, office of the quartermaster gen 
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{Raw ANbdD SeMI- MANUFAC- 
rURED MATERIALS ALSO Hav- 
ING Perace-time Uses (20 
items ) 

Aluminum 

Ammonia, anhydrous 

Brass 

Bronze 

Chlorine 

Chrome Steel 

Cordage 

Lenses (special) 

Magnesium 

Monel Metal 


(This ts not a complete enumeration. 
is shown in total, but only those items of broad importance or special interest are listed) 


The Priorities Critical List—A Classified Summary* 


The number of items classified under each heading 


{MACHINERY AND MANvFaAc- {ArtRcCRAFT AND EQuripMENT (13 [Suips (13 items) 


TURED Goops aALso HAVING 
CIvILIAN AND _ INDUSTRIAI 
Uses (58 items) 

Batteries: radio, ship, and fire 
control 

Bearings: roller and ball 

Binoculars (and related optical 
devices ) 

Cable, electric (various special 
types only) 

Cameras: aeronautical, gun, tri- 
angulation, motion picture, 
and still 


items ) 
Aircraft: all types complete 
Balloons: observation or barrage 
Catapults 
Flying Equipment 
Fuel 
Parachutes 
Training Devices 
VfORDNANCE (50 items) 
Chemical warfare material 
Explosives 
Fire control .instruments and 


Barges i 
Boats (numerous types listed 
Ship plates 

Ships : all types complete | 
{Motor VEHICLES (7 items) 
Ambulances 

Combat Vehicles 
Motorcycles 

Tanks 

Tractors 

Trailers 

Trucks 


Nickel 

Oil: castor and special diesel 
fuel 

Potassium perchlorate 

Rubber, synthetic 


"Abstract from the list released by 
duction Management, March 15, 


War of Metals issued by Dun & r: 
Bradstreet, Inc. W ires 


Cranes 
Electric generators, motors, and Gas: decontamination apparatus 
motor generators (all except 
NEMA standard types ) Guns: all types and calibers (in- ing 


Locomotives: diesel, gasoline, 


Tools, precision: hand 

the Priorities Division, Office of Pro- Telephone: special types 
1941, and published in booklet The Watches: 
: special types 


equipment 


and masks 


Steel: various types of special ' Se 
: and electric Ammunition: small large pontoons 
alloys (but not all kinds of ; ; . . 
teel ) Machine and_ metal-working all types Drydocks : floating 
stee - : 
Tin tools Armor plate {Personal Eguipmenr Ri 
Teadenen Pumping sets, all types Mines: land and sea types QUIREMENTS OF ARM! 
geste . ’ . . . ‘ 
Vanadium Radio apparatus, all types Nets: anti-submarine and cam- Forces (9 items) 
Zinc Searchlights and control instru- _—_ouflage Caps: field and winter 
; ments Rifles: automatic semi- Clothing: flying and chemica 


automatic 


special types bers 


Torpedoes 


cluding carriages and mounts) Bridges: 


Small Arms: all types and cali- Cotton: canvas, duck, and web 


CONSTRUCTION OTHER THAN 
Surps (6 items) 
Boilers: power plant and heat 


portable, steel, il 


protective 


bing 
Identification tags 











eral. soth General Connor and 
Dean Graham already have assumed 
their new duties. 

Appointment of General Connor 
brings the membership of the con- 
struction advisory committee to six. 


ACRMA ADOPTS STANDARDS 
AND ELECTS OFFICERS 

The Air Conditioning and Re- 
frigerating Machinery Association, 
Inc., Southern Bldg., Washington, 
D. C. in its meetings at Hot 
Springs, Va., last month, approved 
and adopted six important equip- 
ment standards. These cover self- 
contained cooling air conditioning 
units; self-contained room coolers 
and self-contained room air condi- 
tioners; “Freon-12” evaporative 
condenser units; horizontal closed 
shell and tube ‘“Freon-12” condens- 
ers; “Freon-12” liquid receivers; 
and location and inspection of data 
plate on insulated refrigerant con- 
taining vessels, This makes a total 
of 25 equipment standards which 
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ACRKMA and its predecessor asso- 
ciations have formulated and 
adopted in the past three years. 

E. T. Murphy of Carrier Corp. 
was elected ACRMA president for 
the coming year, to be assisted by 
C. E. Wilson of Worthington Pump 
and Machinery Corp. as first vice- 
president, J. P. Rainbault of Gen- 
eral Electric Co. as second vice- 
president ; and P. A. McKittrick of 
Parks-Cramer Co. as treasurer. 

W. H. Aubrey of Frick Co. was 
elected to the chairmanship of the 
\CRMA board of directors. In ad- 
dition to the officers, the members 
of the board are: P. Y. Danley, 
Westinghouse Electric & Mfg. Co.; 
J. M. Fernald, Baker Ice Machine 
Co.; F. T. Goes, Vilter Mfg. Co.; 
G. A. Heuser, Henry Vogt Ma- 
chine Co.; S. E. Lauer, York Ice 
Machinery Corp; D. W. Russell, 
Airtemp Div., Chrysler Corp.; H. 
R. Sewell, B. F. Sturtevant Co.; 
and G. E. Wallis, Creamery Pack- 
age Mfg. Co. William B. Hender- 
son continues as executive vice- 
president. 


CORE MAKER’S HELPER 
TO PRESIDENT 


The board of directors of Crane 
Co. elected John H. Collier 
president last month to fill the va 
cancy created by the sudden deat! 
of Charles B. Nolte on April 29 
Mr. Collier was born in Chicago i 
1884, was educated at Purdue Uni 
versity, and joined Crane Co. 01 
leaving school in 1903. From h 
original position as core maker's 
helper 38 years ago he has pro 
gressed through a variety of pos 
tions, giving him an intimate and 
thorough grasp of the company’s 4 
tivities. 





Silver Anniversary—PBell & (os 
sett Co., Chicago, celebrated its 25t! 
anniversary with a sales meeting Ma) 
7, 8 and 9, attended by approximately 
100 of its representatives from al! 
sections of the country. High spot o! 
the meeting was a banquet the evening 
of May 8 at which company officials 
reported breaking ground for a new 





| 
| factory, greatly increased sales figures 


Heatinc, Preinc anp Am Conprrionrnc, June, 194! 





Heating - Piping IN THIS ISSUE 





w#Air Conditioning Volume 13 June, 1941 Number 6 















































with which is merged the “Aerologist” The Editor’s Pages (current comment and news) . front section 


Design @ Installation 


: : Heating the Washington Monument (a tricky problem), by Charles 8. Stock 
Operation ® Maintenance 


Commercial, Industrial 


Abbreviations for Engineering Terms (new standard adopted) 
and Large Buildings 


Engineering Training for Defense (at Northwestern U).. 


Testing and Drying Refrigeration Systems (new method explained), by 


tn, i. + awkbede penetneeadess ths ve 


Heating a Drafting Board 750 Ft Long by 90 Ft Wide (unit heaters for 
mold loft at shipbuilding yard), by C. W. Kimball...... 

Boarp or Consuttine & Contrisutine Eprrors 

Sabin Crocker, R. C. Doremus, Philip Drinker, Radiant Heating Job Pictured (the installation at Greenville Steel & 
E. L. Ellingwood, Walter L. Fleisher, F. E. Foundry), by T. Napier Adlam 
Giesecke, William Goodman, John F. Hale, 

William A. Hanley, J. J. Harman, R. S. Hawley, High Pressure Piping at Millers Ford (pipe welding practice and design 
E. P. Heckel, R. E. Hieronymus, J. C. Hornung, for 1937 and 1940 installations compared), by R. D. Gillespie and 
John Howatt, Lee P. Hynes, C. W. Kimball, J. D. 
Dwight D. Kimball, A. C. Kirkwood, Charles 
S. Leopold, Samuel R. Lewis, Homer R. Linn, 
H. C, Murphy, Alfred J. Offner, F. B. Rowley, 


Robert P. Schoenijahn, T. 8. Tenney, Rush D. ee, STE ; ” 
Touton, W. H. Wilson Soil Sterilizing for Small Greenhouses (a “natural” for the heating con- 


NS od a ree Oe eo waect 


The Water-Air Chart (how to use it), by William Goodman 


a i ts, Gy IES 5 0 cc hp cond veneneneeeceens 


. “Open for Discussion” (communications to the editor) 
Epiror ENGINEERING Eptror 


Chas. E. Price C. M. Burnam, Jr. For Defense—Dry Blast Speeds Steel Production....... 


Welding Plays a Vital Réle in Production for Defense (by reducing piping 
maintenance requirements), by J. H. Romann........... 
ADVERTISING STAFF 
W. J. Osborn Air Discharge from Narrow Slots (a practical discussion), by F. F. Steven- 
ne kh, ee OR. , dnsek ceehbéne SnebeeecsbsbacbvAG sues db sseeocecooces 
Telephone: Murray Hill 9.8293 
R. Payne Wettstein Equipment Developments ..............-. salktiolene tele -back section 
Chicago : 
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R. A. Jack 
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J. H. Tinkham 
Los Angeles 
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Journal Section of the American Society 


of Heating and Ventilating Engineers 


Published monthly by the Keeney Publishing sing Conservation of Underground Water with Suggestions for 
Co., 6 N. Michigan Ave., Chicago. Telephone: —— a EE ee co cus 

“tate 6916/ Subscriptions: U. S. and posses- amie, SY : Fe En tb eS bes 
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America, $2.00 per year; other, $4.00. Current Thermal Conductivity of Wood, by J. D. MacLean........... 
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Where Heat Must Not Fail- 
Install this SAFE Heating Pump 





In Hospitals, Greenhouses, Schools, Public 
Buildings, Theatres, wherever heating sys- 
tems must not fail, install the Nash Vapor 
Turbine, for it is independent of electric 
current failure, and continues to operate 
as long as there is steam in the system. 


This is because the prime motive power of 
this economical pump is a special steam 
turbine, controlled by a unique “Vapor 
Turbine Valve’, which automatically by- 
passes from the heating main a small 
portion of steam, the exact amount neces- 


sary to develop the power needed fo re- 
move the condensate and maintain the 
required vacuum on the system. Even this 
small amount is passed immediately back 
to the mains, and goes on to the system 
with little heat loss. This pump operates 
on any system, high or low pressure. 


The Vapor Turbine is a most economical 
pump, for the elimination of electric current 
does away with current cost, the largest 
single item in the operation of an ordinary 
return line heating pump. Bulletin on request. 


THE NASH ENGINEERING COMPANY 


205-A 


WILSON ROAD, SOUTH NORWALK, CONNECTICUT, U.S.A. 
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OR over a decade there has 
been knowledge on the part 
of government engineers 
iat steps would have to be taken 

, preserve the steel work in the in- 
erior of the 555 ft Washington na- 
tional monument. Last year a 
contract for a heating system was 
wwarded to S. EE. Dockstader. The 
primary purpose of the system is to 
eliminate excessive and damaging 
condensation, which was causing 
the steel work within the monu- 
ment to disintegrate. The conden 
sation occurs mostly in summer due 
to warm outside air entering the 
monument and being chilled by the 
cold mass of the structure. 

This steel work supports the 
stairs and elevator shaft and _ its 
preservation is a matter of economy, 
for the difficulty and cost of renew- 


MONUMENT —Ever since a contract was 
awarded last year for a heating installa- 
tion in the Washington national monu- 
ment there’s been speculation and con- 
versation about it; some have wondered 
why—after all these years—a heating 
system was deemed necessary. In _ the 
first description of this unusual project, 
Charles S. Stock, district representative 
of the Herman Nelson Corp., tells why 
heating is necessary to protect the steel 
work from damage by condensation 

government engineers have realized for 
some time that steps would have to be 
taken to halt deterioration of the struc- 
ture. In addition, heating will provide 
more comfortable conditions for the 
thousands who visit the monument every 
year and will make for safer conditions 
by eliminating slippery stairways. . : 
How to figure the required heating capac- 
ity of the units was a tricky question, 
and Mr. Stock explains the reasoning 
behind and the basis of the calculations. 
It was decided to handle the job by in- 
stalling unit heaters distributed through- 
out the lower 100 ft of the 555 ft shaft 


ing it would be far greater than the 
cost of a heating system designed to 
preserve it. That this steel work 
is put to considerable use by visit- 
ors to this national shrine is un- 
deniable. As many as 10,250 per- 
sons a day have ascended the stairs 
ind elevators, and as many as 4800 
have ascended the stairs alone. In 
iddition to damaging the _ steel 
work, the condensation caused the 
stairs to become dangerously slip- 
pery. Thus, the heating of the 
onument was a safety, precaution 
well as a matter of economy. 
The monument has been dis- 
reeably cold and damp and the 
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CHARLES S. STOCK TELLS HOW SHAFT IS HEATED 
TO PROTECT STEEL WORK FROM DAMAGE BY CONDENSA- 


TION 


EATING, Piptnc anp Air Conpiriontinc, June, 1941 (Vol. 13, No. 6) 


. FIGURING REQUIREMENTS A TRICKY JOB 
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heating system will also be a worth- 
while addition for the improvement 
of comfort. 


Unusual Problem of Design 


From the technical standpoint the 
design of the system presented a 
problem subject to many limitations 
and one that was without precedent 
or data upon which to proceed. Two 
methods were available for elimin- 
ating the trouble caused by conden- 
sation. One was to lower the dew 
point temperature of the air within 
the monument below the tempera- 
ture of the structure and the other 
to raise the temperature of the 
structure above the dew point tem- 
perature of the air within it. 

It would not be possible to calcu- 
late accurately the quantity of heat 
necessary to compensate for the 
heat loss of the monument. If di- 
rect radiation and accepted methods 
of calculation were used, it would 
theoretically be necessary to main- 
tain a temperature of nearly 450 
deg at the top of the shaft in order 
to maintain a temperature of 40 deg 
at the base. In addition, the up- 
draft due to stack effect, when es- 
tablished by the heating system, 


would cause a quantity of unheated 
air to enter the shaft at the base, 
which quantity could not be accu- 
rately determined. During the sum- 
mer, the air that could infiltrate 
into the shaft would be limited to 
the quantity that could escape 
through the open windows at the 
top of the shaft. If it were assumed 
that the air passed through the 
windows at a high velocity, say 800 
to 1000 fpm, the quantity of escap- 
ing air would be equal to about 4! 
to 5% changes per hour. Such a 
quantity, however, could not escape 
from the top unless it could enter 
at the bottom. Because a consider- 
ably smaller quantity would enter 
at the bottom, being limited to that 
which could pass through the 
cracks around the elevator shaft 
door and through the intermittently 
opened door to the stairway, and 
because the heating load in_ the 
summer would be light and ulti 
mately probably nil, it is logical to 
assume a_ considerably smaller 
quantity of infiltration, On_ the 
other hand, if the windows were 
closed, as would be the case dur- 
ing the winter, the quantity of air 
that could escape through the 
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cracks around the sash would 
equal to about 4% of an air cha 
per hour, assuming an amply | 
velocity of 1000 fpm. In view 
the above noted extremes, aly 
14% changes would be a reasona 
assumption, 


Figuring Heat Loss 


In order to secure a_tentat 
figure, the heat loss of the mx 
ment was first calculated on 
assumption that it was a nor 
building, neglecting the temperat 
increasing effect of its excessiv: 
high ceiling, and allowing 1% 
changes for infiltration. On 
basis, the quantity of heat necessa 
to maintain an air temperature 
40 deg within the monument 
computed to be 1,650,000 Btu pe 
hr. 

In order to approximate the 
gree of inadequacy of this quanti 
of heat, an additional computation 
was made to determine the quantity 
of heat that would be required 
raise the temperature of the strix 
ture itself. The temperature range 
through which the structure should 
be heated in order to raise its te 
perature above the dew point of th 
air was somewhat problematical |x 
cause of the absence of an all-yea 
temperature record of the st 
work. It is known, however, 
the stone work remains at a 
temperature during the sumn 
because of the fact that heavy « 
densation within the monume 
does not cease until near the «1 
of the summer. A range of 30 de; 
was assumed, being a value t! 
would be ample for conditions 
any and all seasons. Proceeding 
that basis, it was calculated 
approximately 6134 billion 
would be required to raise the t 
perature of the stone work—wh 
quantity does not include the heat 
that would be required to raise 
temperature of the steel work, 
that required to maintain the ston 
work at the increased temperature 

If a quantity of heat equal to | 
tentatively computed heat loss valu 
were introduced into the monume! 
computations indicate that it wo 


The top of the steam main at the 100 ft 
level in the monument, showing one type 
of unit heater used. It has vertical di 
charge louvers so arranged as to deflect 


the heated air toward the masonry wall: 
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require more than 44% yr, 24 hr per 
day, to raise the temperature of the 
stone work (neglecting the main 
taining of the increased stone work 
temperature and neglecting the in- 
creasing of the steel work tempera 
ture ). 


The Design Basis Used 


In view of the foregoing, it was 
obviously logical to proceed on the 
basis of supplying as much heat to 
the monument as was practicable. 
In order to conform to the main 
limitations, and with the funds 
available, the maximum practicable 
quantity of heat to be introduced 
into the shaft at desirable condi- 
tions was established as 2,600,000 
Btu per hr, plus the additional heat 
required for the adjacent guard 
room. The system was designed on 
this basis. 

Even with that quantity of heat, 
the computations indicated that 
some 234 yr would be required to 
raise the temperature of the stone 
work alone. Therefore, the system 
was designed, except for certain 
ieatures, so that additional heaters 
can if necessary be provided at a 


A view of the guard room (which once 
housed the steam engine which operated 
the elevator) showing the steam mains 
entering the monument through the old 
steam elevator drive shaft opening. The 
condensate meter is seen in the fore- 
ground, and in the background is the 
emergency storage battery installation 


future time and so that a maximum 
possible heat quantity of about 4, 
400,000 Btu per hr can be intro 
duced into the shaft 


Unit Heaters Chosen 


Although direct radiation would 
possibly have been the better choice 
for heating the stone work effect 
ively, it was decided to use pro 
peller fan unit heaters for various 
structural, physical 
and aesthetic reasons. 


architectural, 
The use of 
unit heaters was considered to have 
several advantages, such as a con 
siderable reduction in the number 
of units required, the practicability 
of a greater flexibility of control 
and a tendency to resist an updraft 
due to stack effect by virtue of the 
fact that each of the 16 unit heaters 
recirculates several thousand cubic 
feet of air per minute from and at 
its own level. 
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The design provides for the 
heaters to be distributed throug 
out the lower 100 ft of the sl 
physical and mechanical considera 
tions would preclude the installation 
of units throughout the enti 
height of the shaft 


inadvisability of unnecessarily add 


> . Ss 
Because 


ing considerable weight to the exist 
ing steel work, the steam and retur 
risers are so installed that thei 
weight is carried by the foundatior 
of the monument. The temperatur: 
to which the air within the monu 
ment is to be heated was confined 
to a minimum value consistent wi 
available commercial equipment, 
order that 
stresses would not be set up in the 


possible strains and 


structure, The steam supply riset 
was insulated for several reasons 
principally to prevent the possibility 
of one column of the elevator shaft 
from being subjected to a tempera 
ture a great deal above that to 
which the other columns will b 
subjected. 


Control 


As will be 


foregoing discussion it is not p 


apparent from th 
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sible to anticipate accurately the 
conditions that will result. For that 
reason the system was sized to ac- 
commodate future additions as pre- 
viously noted and the control was 
designed to be as flexible as practic- 
able. In general, the groups of 
heaters are so controlled — that 
any one or all groups may be oper- 
ated readily either to full capacity 
or at reduced capacity or may have 
the operation discontinued, so that 
the demands of the various seasons 
of the year and of the ultimate re- 
quirements of the system may be 
met. 

Certain safety precautions have 
been incorporated in the system be- 
cause of the large number of per- 
sons visiting the monument and be 
cause of the confining shape of the 
structure. Extra heavy material has 
heen used for portions of low pres 
sure piping in the interest of safety, 
long life and structural strength. 
Insulation has been used on steam 
piping as a protection against pos- 





This blower type unit heater serves the 
lobby and vestibule at base of monument 


sible injury to adventurous children 
as well as for the previously noted 
reasons. A remote manual safety 
control has been provided for dis 
continuing the supply of steam to 
the system in the event of a mechan 





The American Standards Associa- 
tion, 29 W. 39th “St.. New York, 
N. Y., reports completion of the revi- 
sion of American Standard Abbrevia- 
tions for Scientific and Engineering 
Terms (Z 10.1-1941); price 35c. This 
standard, providing as it does the 
shorthand of engineering and scientific 
language, has a very wide application. 
It includes such common terms as 
pounds per square inch (psi), dollar 
($), and dozen (doz), as well as kilo- 
grams per second (kgps), reactive 
volt-ampere (var), and British ther- 
mal unit (Btu). 

The standard has been developed by 
a group of engineers, editors and sci- 
entists representing many national or- 
ganizations. 

Chief difference from the earlier 
edition of the standard is the inclusion 
of abbreviations for terms not previ- 
ously covered, and the shortening of 
certain previously recommended ab- 
breviations. For example, in the new 
standard, lb per sq in. of the 1932 edi- 
tion has been shortened to psi (with- 
out a period). Other characteristics 
of the standard are elimination of 
spaces between word combinations or 
letters, and elimination of periods ex- 
cept in cases where the abbreviation 
spells out a common English word. 
For example the abbreviation for 
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barometric is bar. (note period), while 
the abbreviation for calorie is cal 
(without a period). 

Another important change which the 

committee made early in this work 
was in abbreviations for units in the 
temperature scales. The abbreviation 
deg, and its equivalent the degree 
sign °, have both been dropped in 
cases where a specific temperature is 
referred to. Thus, 212 deg. fahr., or 
212 deg F, or 212° F, become simply 
212 F. 
In all its work the committee has 
made current usage its guide. Con- 
sistency has been admitted when con- 
venient and, when not, refuge has been 
taken in the conviction that consis- 
tency in human beings is unnatural. 
The letter m in various usages stands 
for minute, or mile, or meter, or milli, 
or million, or even thousand; per has 
had to be spelled out in some cases 
and used as p in others; hour has had 
to be hr or even h in order to keep 
from violating general usage. How- 
ever, the committee’s stand has been 
that there was no advantage, merely 
for the sake of consistency, in writing 
miles per hour, or miles per hr, when 
mph was so widely accepted. 

HEATING, Pipinc AND Arr Conpt- 
TIONING follows these standard abbre- 
viations in its editorial columns. 
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ical failure of any of the piping 
heating units. 

In regard to the question of p 
sible excessive updraft due to st: 
ettect with the heating system 
operation, it should be noted t! 
the reverse condition exists now 
summer, warm air is drawn into | 
shaft by reverse convection throu 
the windows at the top, is chil 
rapidly by the cold mass of 
structure, falls down the shaft a: 
escapes outward with considera 
velocity through the entrance 
Although the effect of the introd: 
tion of heat into the shaft cannot 
predicted accurately, the immedi 
effect can be anticipated. In vi 
of the computations, it may be 
matter of years betore equilib: 
will be obtained and an updraft 
tablished, at which time the fle 
bility of the controls should all! 
for operation of the equipment 
will be suitable for the conditi 


that may then be found to preva 
[Photos by lames M Osborne! 


ENGINEERING TRAINING 
FOR DEFENSE 

First sessions of new classes 
ing engineering training for defens 
were held last month at Northwe 
ern Technological Institute. ©: 
ganized under the auspices of 
United States office of educatior 
classes are given in ventilation ai 
air conditioning; combustion e1 
gines ; and elements of structural ir 


spection, testing and design. 


Ventilation and Air 


Conditioning 


The purpose of the ventilatio 
and air conditioning course is 
give an adequate background 
handle both the general ventilati 
problems which arise in industr 
plants and when poisonous or 
jectionable vapors and fire hazai 
must be handled, and also to devel 
the methods of air conditioning a1 
control when processing dangerou 
chemicals (explosives) or precisy 
materials and products. 

Complete information on the 
courses can be obtained by addres 
ing the Defense Training Progra 
Swift Hall, Northwestern Univer 
ity, Evanston, IIl. 
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ESTING a refrigeration 

system for tightness and dry- 

ing it are both of major impor- 
‘ance to satisfactory and economical 
peration of the plant. Many meth- 
ds of performing these operations 
are inconvenient and expensive, 
particularly with the larger installa 
‘tions. In connection with two 270 
ton air conditioning installations it 
was thought wise to study the 
problem with the hope of simplify 
ing the procedure. The method 
which was evolved proved to be 
simple and effective and requires 
the use of no other gas than air. Its 
use on other jobs since the first two 
has become a routine which is easily 
and almost automatically followed 
by the mechanic in charge. 

To use refrigerant for the test 
for a tight system is not too unsat- 
isfactory with small installations 
and sometimes it is helpful to use a 
little to assist in the location of a 
small leak which cannot readily be 
found with soap and water when 
the system is under pressure. How 
ever, to fill a large system not 
known to be reasonably tight with 
refrigerant might be decidedly 
wasteful. Also, the experience in 
testing the 270 ton installations in- 
dicates that a much surer test re 
sults from the maintenance for sev 
eral days of a pressure well above 
the highest regular operating pres- 
sure. Naturally, a test at such pres- 
sures would be impossible at normal 
room temperatures if using refrig- 
erant gas for testing. 

The reason for maintaining the 
test pressure for several days is in- 
dicated by the results of tests on the 
particular installations mentioned. 
\Ithough at 180 psi (pounds per 
square inch) the pressure loss was 
very small during the first two days, 
the rate of loss increased later. Re- 
checking the joints with soap and 
water indicated that at least two or 
three which did not leak during the 
first two days started to leak after 
that. This points to the conclusion 
that continuous pressure opens up 
some joints. Undoubtedly it is ad- 
visable to find these potential leaks 
and repair them before charging the 
system. The test pressure used on 
this installation was about twice the 
normal condensing pressure and 
bout 5 or 10 psi below the setting 

the safety valves. 

[na number of cases carbon diox- 
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TESTING 


and 


DRYING 
REFRIGERATION 
SYSTEMS 


By Melvin A. Ramsey* 








TESTING—A_ novel method of testing 
refrigeration and air conditioning sys- 
tems for tightness, using air pressure, is 
described by Mr, Ramsey; it was de- 
veloped for use in testing two 270 ton 
installations, and since then has been 
applied successfully as routine procedure 
on several other jobs. . . . The method 
of testing is fully explained, as is the 
method of drying out the system. In 
discussing the means by which moisture 
is removed from the system, the author 
explains the fundamentals involved with 
a few brief calculations given in the text. 


..+« Mr. Ramsey concludes by summariz 
ing the advantages of the scheme he 
outlines. Refrigeration piping engineers 
and contractors will find this article as 
useful as will those concerned only with 
air conditioning. (Note—In his manv- 
script, Mr. Ramsey gave pressures in 
millimeters of mercury as he has become 
accustomed to using them in testing 
South American installations, and as they 
are convenient because they require 
fewer zeros after the decimal point than 
do pressures in inches of mercury. The 
pressures have been converted, how- 
ever, to inches of mercury in the text) 











ide or nitrogen have been recom 
mended instead of air for testing. 
However, these gases cost more 
than air and seem too expensive for 
installations where there are fair 
sized shell and tube condensers and 
coolers to be filled. The only ap 
parent advantage in the use of these 
gases instead of air is that they 
contain practically no water and 
thus no water is added to the Sys 
tem when building up the test pres 
sure. 


Pumping Air Into System 


The use of a compressor on the 
job to pump room air directly into 
the system is cheap and advantage 
ous in eliminating the handling of 
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tanks and the chance of running 
short of gas just when the work ji 
about to be finished, particularly if 
the shortage occurs at some unusual 
hour of the night when it can’t 
easily be remedied. (Somehow gas 
always seems to run low at those 
Although the wa 
ter added when pumping air directly 


annoying times ) 


into the system is not too serious 
it is certainly better not to add it 
because it isn’t too good for som 
parts and there is more to remove 
when drying the system. The onl) 
requirement, then, is to remove 
enough water from the air before 
it enters the system to assure that 
none will condense there. This can 
be accomplished by compressing the 
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air in a separate receiver to a pres- 
sure above the highest that will be 
used for the test and then letting it 
expand into the system from the air 
receiver. Of course, the air in the 
receiver must be near room tem- 
perature when it leaves. 

In the case of the 180 psi test, 
the receiver pressure was built up 
to a little over 225 psi and then, 
allowing the compressor to con- 
tinue, the valve between the re 
ceiver and the system was opened 
to the point where the leak balanced 
the compressor capacity and kept 
the receiver pressure between 225 
and 250 psi. The air leaves the re 
ceiver at its highest point and at 
the lowest point a valve is provided 
to drain off the water which accu- 
mulates. By this means the mois- 
ture in the mixture which enters the 
refrigeration system is saturated in 
the receiver at about room tempera- 
ture. In expanding into the re 
frigeration system its pressure is 
reduced to less than that corre- 
sponding to saturation at room tem- 
perature and no condensation takes 
place in the refrigeration plant to 


348 


add to the water to be removed 
from it. 

To assist in locating leaks, gages 
should be installed, at least tempo- 
rarily, in each section which can be 
isolated by valves. As soon as the 
desired pressure is reached the 
valves dividing the system should be 
closed so that time is not wasted 
making soap and water tests on 
joints in a section which shows no 
loss in pressure and therefore does 
not leak. In one of the 270 ton 
systems, this sectionalizing was very 
valuable because there was a leak 
which could not be found with soap 
and water. The sectionalizing made 
it possible to know that this leak 
was in the compressor section. Re 
moval of the air from this section 


View of refrigeration equipment for air 
conditioning the new building for the 
ministry of finance in Buenos Aires. 
This is one of the installations for which 
the testing and drying method described 
in the text was developed. A feature of 
the installation is the use of gas leakage 
units for maintaining atmospheric pres- 
sure in such places as the compressor 
stuffing box, “Freon” liquid circulating 
pump stuffing box, etc. to prevent undue 
refrigerant losses at these points. The 
evacuating unit is below the condenser 


and the injection of “Freon” m 
it possible to locate the leak wit 
halide torch. The leak was in 
joint of one of the large cover p! 
where it was difficult to mak 
good soap and water seal to 
the leak in that manner. Afte: 
leak was repaired the compres 
was connected to the rest of the 
tem and the pressure raised 
slight amount necessary to brin, 
again to 180 psi. The final pres 
loss on both of these particular 
stallations was less than 2 psi 
180 psi over a period of seven d 

The compressor used to it 
this air at the pressures indi 
was a standard small two cyl 
single stage refrigeration comp: 
sor displacing about 100 cf] 
driven by a ™% hp motor 
doubtedly a two stage compre 
would be better for pressure 
high as 250 psi, but one wa 
available and the whole powe: 
is too small to consider any expx 
for a higher efficiency 


Drying the System 


After the system is thoroug 
tight and the test pressure relea 
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t is ready to be dried. Of course, 
no system can be perfectly dry but 
the quantity of moisture must be 
so small that none exists as a liquid 
and the vapor pressure of that 
which does exist should be lower 
than that corresponding to the 
saturation pressure at the lowest 
operating temperatures. 

Let us assume now that we have 


a refrigeration system which is to 
operate (part of the time at least) 
with O F refrigerant temperature. 
This means that the vapor pressure 
must not be more than 0.0449 in. of 
mercury (Hg). This may seem too 
low a pressure to obtain on a large 
system and a pump for a pressure 
below this might be considered too 
expensive. Fortunately there is no 
need for such a low total pressure. 

Suppose that the system to be 
dried is in a room having a tempera- 
ture of 70 F and therefore has a 
temperature of 70 F. The vacuum 
pump available has a capacity suffi- 
cient to reduce the pressure in the 
system to 0.236 in. Hg absolute. 
The saturation pressure correspond- 
ing to 70 F is 0.7392 in. Hg for 
water. 

The vacuum pump is connected 
and begins removing the mixture of 
air and water vapor from the sys- 
tem. If there is liquid water in the 
system little evaporation will take 
place until the pressure reaches 
0.7392 in. Hg, at which point the 
water will begin to boil. 

If, during the reduction in pres- 
sure, a time-pressure record is kept 
it will be noted that, although the 
rate of fall diminishes slightly, there 
is a continuous fall, at least until a 
pressure of 0.7392 in. Hg is reached. 
At this point, if liquid water exists 
in the system there will be no fur- 
ther drop in pressure until all the 
water is evaporated. This assumes, 
of course, that the rate of evapora- 
tion is not so great as to take away 
heat from the liquid faster than the 
liquid gets it from its surroundings, 
thus reducing its temperature. This 
rate of evaporation is not likely to 
be the case unless the liquid is in 
some well insulated point in the 
system. 

The evacuating now continues 
and finally all the water is evapo- 
rated (or it is chilled, reducing its 
vapor pressure) and the pressure 
in the system falls to the 0.236 in. 
Hg limit which has been assumed. 
"he pump should now be stopped 


and the valve closed to the outlet 
from the system to find out whether 
or not the pressure remains con 
stant. If it does over a period of 
a few hours, there is no leak and 
no liquid water remains in the sys 
tem. If the pressure rises to some 
point well under 0.7392 in. Hg and 
stops there it indicates that there is 
no leak, but that some liquid water 
existed at about 40 F when the 
0.236 in. Hg pressure was obtained 
and that it is now all evaporated. 
If the pressure rises to 0.7392 in. 
Hg and stops rising at that point, 





Pressures of Saturated Water Vapor 
William 
Goodman published in January, 1938, 


Values taken from tables by 


HP A( 
Temperature, F Pressure, In. Hg 
40 0.005587 
—30 . 2. 0.009824 
20 . 0.01674 
we; 0.02777 
. 0.04491 
De es «< 0.07096 
20 0.1098 
ao . : 0.1664 
40 ee 0.2478 
SO .. - . 0.3626 
60. 0.5218 
i - .. 0.7392 
1.0321 





there is no leak, but water at about 
40 I existed and has now risen to 
70 F, some or all being evaporated. 
The only way to find out whether or 
not it was all, is again to reduce 
the pressure to 0.236 in. Hg and 
recheck. 

If the pressure rises to well above 
0.7392 in, Hg it is a definite indica- 
tion of a leak, and there is no indi 
cation as to whether or not there is 
liquid water still in the system. If 
the pressure is again reduced and 
the rate of reduction continues past 
0.7392 in. Hg without change, it is 
certain that all liquid water has 
been evaporated and a leak is the 
only difficulty. A notable change in 
the rate of reduction at 0.7392 in. 
Hg of course shows that all water 
has not been vaporized and con- 
tinued evacuating and checking are 
necessary. 

When the system holds the 0.236 
in. Hg pressure with no more than 
say 0.15 in. Hg rise in 24 hr, 
everything is satisfactory and the 
drying may be completed. (The 
pressure in one of the large plants 
mentioned, where delay in complet- 
ing the building allowed an un- 
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usually long time for tests, rose onl) 
from 0.236 to 0.590 in. Hg in over 
six weeks ). 

The 0.236 in. Hg pressure may 
be exerted by a mixture of air and 
water vapor or, if much water ex 
isted as a liquid, the water vapor 
from the boiling water may have 
displaced most of the air. Since we 
do not know what part of the ga 
remaining in the system is wate! 
vapor and have no convenient way 
of determining this, it is wise to as 
sume the worst condition and con 
sider that it is all water vapor 

The water vapor now has a pres 
sure of 0.236 in. Hg and it must be 
reduced to less than 0.0449 in. Hg 
The available pump will not remove 
any more of the water vapor wit! 
out assistance. Probably the 
simplest method of getting this as 
sistance is to open a valve and allow 
room air slowly to enter the system 
and mix with the water vapor. ©! 
course, in doing so more water va 
por is allowed to enter since tlh 
room air may even be saturated 
Again it is wise to assume the worst 
and suppose that the room air has 
100 per cent relative humidity at 

i, which is a vapor pressure ot 
0.7392 in. Hg. This air should be 
allowed to enter only until the total 
pressure in the system rises to one 
half an atmosphere, or 15.000. in 
Hg. As the mixture expanded to 
twice its volume at atmospheri 
pressure the water vapor did also 
and the vapor pressure in the sys 
tem has now become 0.7392/2 
0.236 = 0.606 in. Hg. The remain 
ing 14.394 in. Hg pressure in the 
system is due to the air, which, 1 
it entered slowly, should be well 
mixed with the water vapor to form 
a reasonably uniform mixture 

The vacuum pump is now started 
to remove this mixture, or to be 
more exact, to remove (15.000 
0.236) 15.000 or 98.4 per cent 
of the mixture, since the pressure is 
reduced only from 15.000 to 0.236 
in. Hg. In removing this part of 
the mixture the pump has not been 
able to change the proportions of 
water vapor and air in the mixture 
It has therefore removed 98.4 pet 
cent of the air and 98.4 per cent of 
the water vapor and reduced the 
total and partial pressures to 100 
98.4 = 1.6 per cent of their previ 
ous values. The vapor pressure has 
now become 0.606 1.6 per cent, 
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or 0.0097 in. Hg which is consider 
ably lower than we require. 

It would be possible now again to 
allow room air to enter the system 
and, by the same process, reduce 
the vapor pressure in the system 
still further, but this reduction is 
hardly worth the effort. It is doubt- 
ful if it is ever necessary to have a 
system with less than 0.01 in. Hg 
water vapor pressure because even 
if the water vapor did all condense 
under some unusual condition it is 
doubtful that there would be enough 
to do any harm. 

If however, it is believed neces- 
sary to have a still lower vapor 
pressure there are two simple alter- 
natives, or a combination of the 
two. The first would be a better 
vacuum pump. The second would 
be the injection of air, nitrogen or 
some other suitable gas, from a tank 
where the gas has been kept at, 
say 2000 psi and 70 F. 

The pressure of the vapor in this 
mixture cannot be over 0.7392 in. 
Hg. When this gas is allowed to 
enter the system until the total pres- 
sure is one atmosphere, or 30.000 
in. Hg, the pressure in the system 
due to the water vapor will be 
0.7392 « (14.696/2000) +- 0.0097 

0.0102 in. Hg. The vacuum 
pump can remove (30.000 — 0.236) 
+ 30.000 = 99.2 per cent of this 
mixture and the pressure due to 
water vapor after this evacuation 
will be 0.0102 0.008 in. Hg. At 
this pressure there would be so lit- 
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tle moisture in a system as to be 
hardly enough. to be troublesome 
even if accumulated all in one place 


Advantages of Method 


This method of testing and dry- 
ing has now been used on several 
installations with satisfactory re- 
sults. 
marized as follows: 

1) It is not necessary to trans- 
port tubes of gas and chemicals and 
their cost is eliminated. Dryers 
need not be installed and later re- 
Instead a small piston com- 


Its advantages may be sum- 


moved. 
pressor previously mentioned and a 
small rotary pump are all that need 
be taken to the job.” These units 
are useful for other operations, such 
as transferring refrigerant and re- 
ducing refrigerant loss when remov- 
ing air from a charged system, as 
described in my article in the No- 
vember, 1938, HPAC, p. 702. 

2) The instructions to the instal- 
lation mechanic are simple. He has 
merely to make the system tight 
enough at the pressure the engineer 
recommends, considering the refrig- 
erant to be used and the condensing 
temperature. A supervisor can 
easily check the final pressure and 
its loss in 24 hr or more. The build- 
ing up of pressure and time to 
watch for possible loss can usually 
take place while other work is be- 
ing done if the job is properly 
planned. The mechanic then re- 
leases the pressure and obtains a 
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vacuum of, say 0.118 to 0.236 
lig absolute pressure which 
leaves for a few hours to be s 
it holds. Next he allows air to 
ter slowly until the pressure 
half atmosphere, or 15 in. of 
tum on a standard compound ¢g 
The system is then re-evacuated 
say 0.236 in. Hg. and charged 

3) There is a double assur; 
that the system is tight. 

4) There is no dependence pla 
on the coils, tubing or other n 
rials used 
when purchased and being kep' 
that condition during storage 
installation. Probably the gen 
use of this system would elimi 
the need for drying of evaporat 
coils and refrigerating equipn 


being thoroughly 


which too often are allowed to t 
up moisture again while being 
stalled. The only thing which sex 
desirable is to be sure that the « 
tubing or other equipment cont 
no liquid water as this requires 
ditional time for its removal. 
drying at the factory could then |y 
accomplished by merely reduci 
the pressure to well below that . 
responding to saturation at the te: 
perature existing. This dryi 
method outlined makes it certai 
that the moisture has been well 
moved from every part of the 
stalled system. If charged imm 
ately no water can again enter 

5) The air and other foreigs 
gases as well as the water have he 


practically completely removed 


Measuring the Pressures 


Naturally such low pressures ca 
not. be measured with a = standard 
vacuum gage. An easy way 
measuring low absolute pressures 
by means of a mercury U gag 
sealed at one end, such as is illu 
trated in the sketch on this page 

In evacuating a system in wh 
much water is present, it may | 
found that the pressure remains 
constant at that corresponding 
the existing temperature for w! 
seems too long a period. This m 
be due to the accumulation of so 
water in the oil of the rotary cor 
pressor which will tend to spoil tl 
oil seal and also to evaporate ai 
condense with suction and dis 
charge. In case of this difficul 
the compressor should be open 
and the oil checked and _ replac 
with fresh oil if necessary. 
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eating a Drafting Board 
50 Ft Long by 90 Ft Wide 


Unit Heaters Solve the Problem of Heating New 
Mold Loft at Ship Yard...... By C. W. Kimball 


“DRAFTING BOARD” of 
clear white pine 750 ft long 
and 90 ft wide is rather un- 
usual, but this arrangement has been 
completed and forms the floor of the 


new mold loft of the Bath Iron 


Works at Hardings Siding, Bath, 
Maine. As the space below this 


floor is the plate and angle shop 
and rather cold—the problem ot 
heating it so that men could work in 
comfort was quite interesting. 

The mold loft is approximately 20 
ft high, including the truss space, 
and as the walls surrounding it are 
mostly glass, with considerable glass 
in the roof, the heat loss had to be 
figured accordingly. There was also 
the problem of keeping the room 
comfortable during the summer 
months when the sun has a day long 
sweep at the side walls and roof. 


The problem was solved by the 


MOLD LOFT 


building yard 


The mold loft of a ship- 
where the lines of a ship 
are laid down—is really a huge drafting 
board and presents an important heating 
problem, for men must have comfortable 
conditions for working on the floor. Mr. 
Kimball (of Richard D. Kimball Co. 
engineers, and member of HPAC’s board 
of consulting and contributing editors) 
tells how unit heaters solved the problem 
without requiring any floor space at one 
of the nation’s most important and busi- 
est yards. . . . In this mold loft, the 
various frames, plates, braces, ete. are 
drawn out full size on the floor and then, 
ifter all the lines and shapes are trued 
up and made correct, the lines are 
transferred to wood approximately 4 in. 
thick. The wood is cut out to these 
‘ines, thus making patterns from which 


the steel for our ships can be shaped 


installation of seven horizontal cen 


trifugal fan unit heaters up in th an 


trusses, arranged to circulate the air rangement does away 


In rotation to insure freedom fron co 


drafts and at the same time make 
sure of heating all parts uniformly 


The units are variable speed with 5 


preset controllers and the heat de wh 


livery is controlled by thermostats the 
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RADIANT HEATING JOE 
PICTURED 


By T. NAPIER ADLAM’ 





WHEN RADIANT heating comes up [o, 


NOTE —ALL FLOOR COILS 344” PUDDLED WROUGHT IRON PIPE. ° . . . . 
discussion, the installation in the new 


BY, i * fad a f offices of the Greenville Steel & Foundry 
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NOTE 
THE RETURN FROM EACH COIL 
MUST BE FITTED WITH LOCKSHIELD 
ANO FLOW CONTROL VALVES. 








FIRST FLOOR PLAN 
(ROOM HEIGHT 9-0) 


Co., Greenville, South Carolina, is usual!, 
mentioned. A complete radiant job wit) 
pipes embedded in the floors, it was in 
operation all last winter with satisfactory 
results. Although complete data aren't 
available, worthwhile economies in fue! 
oil consumption over more conventional 
heating systems are indicated; installa. 
- tion costs compared favorably with other 
types of heating. .. . The system was de. 
signed to give the greatest comfort effect 
without raising the floor temperature be. 
yond that compatible with the physio. 
logical reactions of the most sensitive 
persons. A letter from the owner shows 
that the objectives of the design have 
heen achieved. Despite the fact that 20 
deg weather was experienced on several 
2 occasions, no hot spots in the floor could 
be detected, and the floor felt cool to the 
touch although it heated the building. 
One day, someone opened a wrong valve 
and 180 deg water was forced through 
the pipe coils for several hours that 
night. Even the excessively high tem- 
perature caused no apparent cracking of 
the concrete floor. . . . It is planned to 
circulate cold water through the floor 
coils in summer to give a cooling effect 
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The layout of the pipe coils in floor for 
the first story, and the layout of the pipe 
coils which are embedded in the floor of 
the second story, are shown here. The 
building is a two story structure, about 
40 by 50 ft, and is constructed with 12 
in. brick walls, the insides of which are 
painted. The windows are made with 
steel sashes and single glazing. The 
ground floor has a 2 in. concrete slab 
covering on top of 8 in. broken stone fill. 
The ceiling construction of both floors 
consists of bar joists, approximaiely 12 
in. deep. The floor of the second story 
and the roof above it have a 2 in. con- 
crete slab. On the top of the 2 in. con- 
crete slab of the roof a tar and gravel 
covering forms a composition roof, In- 
sulation is used in the ceiling in order 
to minimize the transmission of heat 


» » 


352 








RETURN FROM EACH CON 
,” PITTED with FLOW CONTROL ROPS TO MAIN RETURN 
oon. 


/( AND LOCHSHIELO VALVES. Ow tot FL 


(rose ewe eeeme eg 


2° onoP FLOW 
MAIN FROM 
2NO FLOOR 


2 omor FLOW 
MAIN FROM TANT 


ws aiseR Man 
TO TANK 





7 . 
oROPS TO MAIN vALvEs PLACED 2 prop To 
RETURN ON | ST iN FLOOR. (St FLOOR Cons 
FLOOR 


SECOND FLOOR PLAN 
(ROOM HEIGHT 9-6") 











Heatinc, Preinc anp Am Conpiriontnc, June, 1!!! 











RELIEF 
PRESSURE REOUCING “ 
VALVE =~. 
PO. 
SUPPLY ‘ 


_ 





‘\ 
2° RETURN 





25 RISER MAIN 
¥o 


CAPILLARY-~. 










TANK IN 
ROOF. 


OUTSIDE 
_AHERMOSTAT 





“BOILER 






‘ 
2° RETURN 








Hot water is used as the heating medium; 
the circulator is driven by a 4 hp motor. 
The system was designed to operate at a 
maximum flow temperature of 130 F, and 
the automatic control governs the tem- 
perature of the water in accordance with 
the outside conditions, as follows: Hot 
water from the boiler passes along pipe 
A and enters the blender at connection /, 
while some of the return water from the 
circulating pump passes along pipe B 
and enters the blender valve at connec- 
tion 2. After the water is blended it 
passes over a thermostatic bulb in the 
blender to outlet 3, where it is conveyed 
along the pipe C to the system. The 
thermostatic bulb is connected to the 
outside thermostat, the latter being sen- 


« « « 


Greenville 
Steel & 
Foundry Co. 
Heats With 
Floor Coils 


.* €.- © 


sitive to both air temperature and local 
low temperature radiation, but being 
screened from direct sun rays. If the 
combined effect of outside air tempera- 
ture and low temperature radiation is 
increased in intensity, this acts on the 
outside thermostat, which automatically 
moves the valve to check the flow of hot 
water from the boiler and simultaneously 
increase the flow of return water direct 
from the pump—tereby reducing the 
temperature of the blended water flowing 
to the system. If the outside air tem- 
perature is reduced, or the radiation 
from the sun ceases, then the thermo- 
static bulb allows the valve to move in 
the opposite direction, thus increasing 
the flow of hot water from the boiler 





The construction used on the second 
floor. The prefabricated welded pipe 
grids were laid over cork insulation 
while the structural members supporting 
this floor are steel beams. The pipes 
were laid with a slight gradient to elim- 
inate the air, and provisions were made 
for draining the coils when desirable. 
In designing this system, careful consid. 
eration was given to the permissible floor 
temperature. In order to prevent hot 
spots the pipes forming the grid coils are 
% in. throughout. Larger pipes are used 
for the main circulation to which the 
various grids are connected. The *% in. 
pipes forming the grids are spaced on 8 
in. centers. This gives a perfectly even 
surface temperature throughout. One of 
the principal reasons for using small 
diameter pipes when embedding them in 
plaster or concrete is that they are less 
likely to cause cracking if the tempera- 
ture of the water should go too high 
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Successive stages of construction of the 
first floor. Broken stone was first laid 
on the ground and the pipes carefully 
laid on the foundation. Additional broken 
stone was then placed around the pipes, 
and a concrete slab about 2 in. thick was 
poured in order to form the finished floor 
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With such a system it is essential to 
eliminate all air from the water before 
it passes to the various pipe coils. To 
do this efficiently a tank was installed at 
high level with an automatic air eliminator 
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HIGH PRESSURE PIPING 
at Willers Ford 


Steam Piping for 1200 Psi, 900 F Service 
Installed in 1937 and in 1940 Compared by 
R. D. Gillespie, Manager of Power Produc- 
tion, and J. D. Williamson, Test Engineer 


HE two 30,000 kw, 1200 psi, 

900 F topping units installed 

at the Millers Ford station of 
the Dayton Power and Light Co. 
the first in the summer of 1937 and 
the second in 1940—offer an op- 
portunity to study the changes that 
have occurred in high pressure, high 
temperature steam piping design 
and installation during a three year 
period. Most of these changes have 
to do with the advances in the art of 
welding carbon molybdenum and 
plain carbon steel. 

Specifications for the steam pip 
ing called for materials suitable for 
continuous operation at 1250 psi ga 
and 900 F total temperature. In 
addition to the main piping, this in- 
cluded drips and drains from the 
main piping up to and including the 
first valve, connections from flow 
nozzles and the like. 

The 1937 installation required 
carbon molybdenum seamless steel 
pipe conforming with ASTM speci- 
fication A-158-35T, grade P-1. In 
1940 the same material was speci- 
fied, but conforming with the newer 
\STM tentative specification 
A-206-39T, grade P-1, including 
supplementary requirements S-1 to 
S-7. The nominal wall thickness in 
both cases is shown in the accom- 
panying diagrams. 

Castings were of carbon moly- 
bdenum steel to agree with ASTM 
tentative specification A-217-39T, 
grade WCI, with wall thickness not 
less than the minimum specified for 
1500 Ib fittings in the American 
standard for steel pipe flanges and 
flanged fittings, ASA-B16e-1939. 

Details of the various welds are 
shown in the diagrams. The change 
in the filler piece and the angle of 
bevel from 1937 to 1940 was made 
because the latter required less filler 
material to be replaced by welding. 
This resulted in less welding time 
per weld and less cost, with no sac- 
rifice in the quality of the weld. If 
this work were being done todav, 
the ends of the pipe would probably 
not be upset, and a partially re- 
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cessed 10 deg tapered backing ring 
would be used, to effect a saving in 
time and material. 

Welding on both installations was 
made in accordance with the then 
current requirements of the Amer- 
ican tentative standard code for 
pressure piping, ASA-B31. Only 
welders who had qualified by pass- 
ing the tests of this code were used. 

Welding was done by the metallic 
shielded arc process, using direct 
current, with “reversed polarity” 
(work negative and electrode posi- 
tive) for carbon molybdenum steel. 
“Straight polarity” was used for 
carbon steel. 

After securing proper alignment 
and spacing, joints were tack 
welded to insure alignment during 
the welding operation. The number 
of tack welds varied from three for 
pipe up to 3 in. to six for pipe 
larger than 8 in. The length of the 
tack welds was approximately twice 
the thickness of the thinner material 
joined. These were made with the 
same electrodes used on the weld 
and were thoroughly fused to the 
base metal. Great care was exer- 


HIGH PRESSURE PIPING—Opportu- 
nity is offered by two 30,000 kw, 1200 psi, 
900 F topping units installed at the Mill- 
ers Ford station of the Dayton Power 
and Light Co. to study changes in high 
pressure, high temperature steam piping 
design and installation over the three 
year period from 1937 to 1940. Most of 
the changes have to do with advance- 
ment in the art of welding carbon moly 
and plain carbon steel... . . The authors 
describe the specifications, welding de- 
tails, preheating and stress relief, and 
valve construction, and present test re- 
sults on pressure drop in a 12 in. turbine 
a err After almost four years expe- 
rience with 1200 psi, 900 F steam lines, 
ro difficulties have been encountered due 
to the welds or other causes, it is stated 


cised to avoid undercutting. The 
tacks became part of the final weld 
so they were carefully inspected and 
the ends chipped before welding 

Each bead of the weld was 
chipped, wire brushed, and peened 
slightly with a blunt tool to reliev 
residual stress in the weld metal, b« 
fore the next bead was applied. 

The ends of the pipes and cast 
ings were machined to form the con- 
tours shown in the diagram. How 
ever, flame cut bevels were pe: 
mitted in the field, provided th 
work was smooth, true and finished 
by grinding. Backing rings were 
not required for shop welds. 

All carbon 
welds were preheated to a tempera 
ture of 400 F. 
uniformly heating a band equal in 
width to at least six times the metal 
thickness on either side of the weld 
The temperature was maintained 
within limits of plus or minus 50 f 
during the entire welding operation 

All of these welds were stress re 
lieved by heating the band described 
above to a temperature of 1150 to 
1200 IF, and maintaining that tem 
perature two hours per inch of thick 
ness. They were then cooled uni 


molybdenum _ steel 


This consisted of 


formly and slowly to a temperatur 
of 600 F at a rate not exceeding 200 
to 250 F per hour. Below 600 F, 
cooling in air was permitted. 

\ll preheating and stress relic) 
ing was performed by means of ek 
tric resistance coils wrapped arout 
the pipe ends. Temperatures at 
rate of heating and cooling were 
automatically controlled. A tem 
perature recorder chart was mace 
for each weld showing the tempera 
ture prevailing during the ent 
cycle from the start of preheating 
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Reading counterclockwise, starting with up- 


per left corner—1l2 in. carbon moly seam- 
less pipe showing upset end, welding cham- 
fer and recess for chill ring. . Chill ring 
in place; washers for supporting resistance 
heating coils; 4 in. bolt welded on lower 
pipe for attaching thermocouple. : . Heat- 
ing coils insulated ready to connect to tem- 
perature controller for preheating to 400 | 
continuously throughout the entire welding 
operation. . . . . Electric are welding with 
joint preheated. Thermocouple connection 
shown at left center. . . . . Chipping and 
cleaning with joint still preheated. The 
ninth bead has been completed. _ Weld 
after 38 beads have been completed. One 
more layer of beads was applied for the 
required reinforcement beyond upset diam- 
eter. .... Center portion insulated after 
completion of welding for use during stress 
relieving at 1200 F. . .. . Temperature con- 
troller for heating coils, showing recorder 


at right, and heating or cooling rate adjuster 


$90 
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the completion of cooling. Charts 
were numbered to identify the weld. 

Steel fittings were hydrostatic 
shell tested in the shop at 3500 psi. 
During the test, blows were struck 
on each side of the weld and close 


to it, hard enough to jar the weld 


but not seriously dent the material. 
No leaks were found at any weld. 

Expansion loops were used on all 
short runs of this piping. The long 
runs with risers have no loops, but 
have long radius ells. Except for the 
constant support spring hangers 
used on these lines, all supports, 
guides and anchors were fabricated 
on the job. 

All gate valves have the body and 
disc cast from carbon molybdenum 
alloy steel. The discs have stellite 
facings on both seat faces and guide 
ways. The seat rings are forged 
carbon molybdenum alloy steel with 
stellite facings on the seat faces. 

In the 1937 installation, all gate 
valves 6 in. and larger were equipped 
with motor drives, and the 1940 in- 
stallation uses new units of the con- 
trolled thrust type made by the 
same manufacturer. In addition to 
the valves so equipped in 1937, the 
1940 installation also has motor 
drives on the boiler non-return 
valves. 

In the entire high pressure plant, 
with the exception of valve bonnets, 
there are only five bolted flanged 
joints on 1200 Ib, 900 F steam lines. 
These where the 3 in. lines 
are connected to the throttle valves 
of the secondary boiler feed pump 
turbines. A 1/16 in. furniture iron 
gasket is used in this joint, and it 
has proved to be entirely satis- 
factory. 

The venturi nozzle at the desuper- 
heating station of the first unit has 
holted flanged joints. The nozzle in- 
stalled last year is welded into the 
line. A comparison of the two indi- 
cates that the latter type of installa- 
tion is to be preferred. 


occur 


Pressure Drop in Turbine Lead 


It is interesting to note the pres- 
sure drop in a 12 in. turbine lead 
(10.126 in. ID). The straight pipe 
is 143 ft long, and the line has in 
addition a 12 in. gate valve, two 
bends of 6 ft radius, two of 5% ft 

radius, and two of 5 ft radius. With 
a flow of 500,000 Ib per hr of steam 
at 900 F, the pressure dropped from 
1230 to 1200 psi. These are actual 
test results. 
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THE WATER-AIR CHART 


Its Use for Solving Problems Involving the Exchange of 


Heat Between Air and Water ...... By William Goodman* 





WATER-AIR CHART The water-air 
chart provides a graphical method by 
which a great many types of problems 
dealing with the exchange of heat be- 
tween air and water can be greatly clari- 
fied and conveniently solved for numeri- 
cal answers. It can be used not only for 
problems involving the exchange of heat 
between air and water in spray cham- 
bers and coils, but also for problems 
dealing with the temperature of the spray 
water in evaporative condensers and spray 
coolers, and for problems dealing with 
the surface temperatures of coils... . . 
The water-air chart provides a particu- 
larly clear picture of the action taking 
place in air washers, cooling towers and 
coils. With its aid many difficult prob- 
lems can readily be visualized and solved. 
This is particularly true of counterflow 
problems, otherwise difficult to visualize 


HE water-air chart shown on 

p. 222 of the April HPAC 

provides a graphical method 
for solving a great many types ot 
problems dealing with the exchange 
of heat between air and water. The 
chart itself and its use were ex- 
plained in April, and a table show 
ing the values of \ and 6 was pre- 
sented. In May, the solutions of 
various types of problems were ex- 
plained, with illustrative examples, 
and additional uses of the chart are 
discussed this month. 


Evaporative Condensers 


The theory of the evaporative con 
denser was described in a series of 
articles in the March, April and 
May, 1938, issues of HPAC (in 
which N was defined as GZ/UA). 
lt was shown there that the tem- 
perature of the spray water remains 
constant for any given set of condi- 
tions. In order to use the water-air 
chart (p. 222, April, 1941, HPAC) 
for finding ‘the temperature of the 
spray water, the value of N is com- 
puted by means of the following 
equation : 


“Consulting engineer, The Trane Co. Member 
| HPAC’s board of consulting and contributing 


rs, 
Copyright, 1941, by William Goodman. 


The following example illustrates 
the use of this equation : 

Example 5—Air at an initial wet bulb 
temperature of 78 I is to be used to con 
dense the refrigerant at a temperature of 
96 F. The surface area A of the con 
denser is 500 sq ft, and the quantity of 
air G used is 10,000 Ib per hr Assume 
that Z 0.843, and 19.5. The bar 
ometric pressure is 26 in. Find the ten 
perature of the spray water 

Solution—Referring to Fig. 14, line 
represents the initial enthalpy correspond 
ing to a wet bulb temperature of 78 F and 
a barometric pressure of 26 in. Vertical 
line 2-3 represents the condensing tem 


perature of 96 F. 


Using Equation 12, A (19.5 & 500) 
(10,000 « 0.843) 1.16 From 
Table 2 (p. 223, April, 1941, HPAC) for 
V 1.16, @ 61°-57". Draw N-line 
2-4 at an angle of 61°-57’ with the hori 


zontal. N-line 2-4 intersects the saturation 
curve of 26 in. at point 4. The tempera 
ture of the spray water will be 86.5 F as 
read at point 4 

The lowest theoretical possible 
temperature to which the spray 
water in an evaporative condenset 
can be cooled is found by drawing 
an N-line for which the value of A 


Fig. 14—Temperature of spray water in 
evaporative condensers is read at point 4. 
Lowest theoretical spray water tempera- 


ture is read at point 5 
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In actual practice the spray wat 
temperature as determined by mea 
of this equation cannot be obtain 
because it requires the circulati 
an infinite quantity of ai 
the condenset Chis value t water 
temperature ts of value, 
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Symbols 


! area ot outside surtace 


ing coil sq it 


‘.) ratiw ot external to mnt nal 
Tact ol coil 
humid specific heat of air 
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denser capacity that can be obtained 
with an increase in air quantity. 
Example 6—Take the conditions of ex- 
ample 5. Assume f, = 12. Find the the- 
oretical lowest spray water temperature. 
Solution—Using equation 13, N = 
(0.243 & 19.5) + 12 = 0.40. Referring 
to Table 2 (p. 223, April, 1941, HPAC) 
for N = 0.4, @ = 32°-54’. In Fig. 14, 
draw the N-line 2-5 at an angle of 32°-54’ 
with the horizontal. Point 5 is located 
where the N-line intersects the satura- 
tion curve for a 26 in. barometer. The 
theoretically lowest temperature of the 
spray water is 82.5 F as read at point 5. 


Sprayed Cooling Coils 


The sprayed cooling coil is ex- 
actly the reverse of the evaporative 
condenser. In the evaporative con- 
denser, air is heated by a condensing 
refrigerant; in the sprayed cooler, 
air is cooled by a vaporizing refrig- 
erant. In both cases, water is con- 
stantly recirculated through the ap- 
paratus, without being heated or 
cooled externally. In both cases, the 
spray water temperature assumes a 
constant temperature intermediate 
between the refrigerant temperature 
and the initial wet bulb temperature 
of the air. Equations 12 and 13 for 
the evaporative condenser are also 
applicable to the sprayed water 
cooler. 

Example 7—Air at an initial wet bulb 
temperature of 72 F is to be cooled in a 
sprayed cooler by a refrigerant vaporiz- 
ing at 42 F. All other values are the 
same as in example 5. Find the constant 
temperature that the spray water will 
assume, 

Solution—Referring to Fig. 15, hori- 
zontal line 7-2 represents the initial en- 
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Fig. 15—Temperature of spray water in 

sprayed cooling coils is read at point 4. 

Highest theoretical spray water tempera- 
ture is read at point 5 
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Fig. 16—Method of determining surface 
temperatures in direct expansion coils 


thalpy corresponding to a wet bulb tem- 
perature of 72 F and a barometric pres- 
sure of 26 in. Vertical line 2-3 represents 
the vaporizing temperature of 42 F. In- 
asmuch as the value of N for this ex- 
ample will be the same as in example 5, 
6 will also be 61°-57’. Draw N-line 2-4 
at an angle of 61°-57’ with the horizontal. 
N-line 2-4 intersects the saturation curve 
for 26 in. at point 4. The temperature of 
the spray water as read at point 4 will be 
54.3 F. 

The highest possible temperature 
that the spray water can theoret- 
ically assume can be found by means 
of equation 13. 

Example 8—Take the conditions of ex- 
amples 5 and 6 and find the highest pos- 
sible temperature that the spray water 
can theoretically assume. 

Solution—Inasmuch as the value of N 
is the same as in example 6, @ = 32°-54’. 
In Fig. 15, draw N-line 2-5 at an angle 
of 32°-54’ with the horizontal. Point 5 is 
located where N-line 2-5 intersects the 
saturation curve for a 26 in. barometer. 
The theoretically highest temperature 
that the spray water wil! assume is 62.8 
F as read at point 5. 

In example 8, the spray water 
could reach an equilibrium tempera- 
ture of 62.8 F only if an infinite 
quantity of air were circulated. 


Surface Temperatures of 
Direct Expansion Cooling Coils 


When air is being simultaneously 
cooled and dehumidified by means 
of a cold surface, the moisture con- 
densed from the air will form a film 
on the surface. The temperature of 
this surface film of moisture is com- 
monly called the surface tempera- 
ture of the coil. The surface tem- 


perature of a coil can also be fou 
by means of the water-air chart. 

shown in the article on p. 777 of 

December, 1938, HPAC an eq 
tion may be used to determine 

surface temperature at any point 
a coil, For this case, 


» chr 
Bfe 
In direct expansion coils, the t 
perature of the vaporizing refrig: 
ant is assumed to be const 
throughout the coil. The suri 
temperature, on the other hai 
varies from point to point on a coi! 
To determine the surface tempe: 
ture at any point in a coil, only 
vaporizing temperature of the 
frigerant and the wet bulb tempe: 
ture of the air flowing past the poin: 
on the coil need be known. Examp| 
9 illustrates the method of deter 
ining the surface temperature 0! 
point on a coil. 





Example 9—The temperature of thy 
vaporizing refrigerant is 40 F. Assunv 
fa = 250, fg = 12, and B= 16. Th 

on 


barometric pressure is 27 in. Find th: 
surface temperature of the coil at ti 


. point where the instantaneous wet bul! 


temperature of the air is 68 F. 

Solution—In Fig. 16 locate the h 
zontal line 2-6 representing the enthal; 
corresponding to the instantaneous wet 
bulb temperature of 68 F. Vertical lin 
I-4 represents the constant refrigerant 
temperature of 40 F. Using equatio: 
14, N = (0.243 * 250) + (16 XK 2 
= 0.32. From Table 2 (p. 223, April 
1941, HPAC) for N = 0.32, @ 
27°-22’. Draw the N-line 2-5 at an ang 
of 27°-22’ with the horizontal. Point 5 is 
located at the intersection of the \V-lin: 
with the saturation curve for 27 in. At 
the point where the wet bulb temperatu: 
is 68 F, the surface temperature is 60 | 
as read at point 5. 


The wet bulb temperature of th 
air passing through a coil is cor 
stantly decreasing as heat is r 
moved from the air. Inasmuch as 
the surface temperature of the co 
depends upon the wet bulb tempera 
ture of the air flowing past thal 
point on the coil, it is apparent that 
the surface temperature of the coil 
is constantly decreasing as the we! 
bulb temperature of the air « 
creases. 

The surface temperature at a!) 
point in a coil can be found by draw 
ing a series of parallel N-lines as 
illustrated in Fig. 16. All of th 
N-lines originate on the vertical lim 
I-4 representing the constant va 
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porizing temperature. However, 
points such as 7, 2, 3 and 4 are lo- 
cated where the various enthalpies 
-orresponding to the different wet 
bulb temperatures of the air inter- 
ect the vertical line 7-4. A point 
such as 4 would correspond to the 
wet bulb temperature of the air en- 
tering the coil, and the intermediate 
points such as 2, 3 and 4 would 
correspond to the wet bulb tempera- 
tures of the air at different points 
in the coil. 

Inasmuch as the surfaces of heat- 
ing coils are dry, the water-air 
chart cannot be used to determine 
the surface temperatures of such 
coils. For dry coils, the surface 
temperature of the metal forming 
the coil depends upon the dry bulb 
temperature of the air—not upon 
the wet bulb temperature. 


Surface Temperatures of 
Counterflow Cooling Coils 


The use of the water-air chart is 
particularly advantageous in deter- 
mining the surface temperatures at 
various points in counterflow cool- 
ing coils in which water or other 
liquids, such as brine, are used to 
cool and dehumidify air. For this 
case, the use of the chart will result 
not only in making the problem 
simpler, but in considerable saving 
in time. 

For counterflow cooling coils, the 
value of N is also computed by 
means of equation 14. However, 
before the surface temperature at a 
point can be determined, both the 
wet bulb temperature of the air and 
the temperature of the refrigerant at 
that point must be known. In a 
counterflow cooling coil, both the 
wet bulb temperature of the air and 
the temperature of the refrigerant 
vary continuously throughout the 
coil. The temperature of the refrig- 
erant at any point in the coil can be 
determined either by computation 
or by means of the method previ- 
ously described in the section Cool- 
ing in Counterflow, p. 293, May, 
1941, HPAC. Inasmuch as_ the 
temperature of the refrigerant is 
most easily determined by means of 
the water-air chart, two lines must 
be drawn on this chart if the sur- 
lace temperature in a counterflow 
cooling coil is to be determined. 
Thus, in Fig. 17 line 1-2 repre- 
sents the relationship between the 
wet bulb temperature of the air and 


““ 


Fig. 17-——Method of determining surface 
temperatures in counterflow coils 


the temperature of the refrigerant 
inside the coil. This line is drawn 
by the method described in the sec 
tion Cooling in Counterflow, and 
illustrated in Fig. 11. The second 
N-line which is used to determine 
the surface temperature is drawn in 
exactly the same manner as de 
scribed in this month’s section on 
Surface Temperature of Direct Ex 
pansion Cooling Coils, except that 
all of these second N-lines originate 
on the sloping line 7-2 of Fig. 17 
instead of on a vertical line. 

The following example illustrates 
the method of determining the sur 
face temperature at any point on a 
counterflow cooling coil. 

Example 10—Take the conditions of 
part (b) of example 4 on p. 294 of the 
May, 1941, HPAC. In addition, fe = 
500, fg = 12, and B = 16. Find the sur- 
face temperature of the coil at the point 
where the instantaneous wet bulb tem- 
perature of the air is 64 F, 

Solution—The first N-line, 1-2, of Fig. 
17 is drawn in exactly the same manner 
as described in example 4 and illustrated 
in Fig. 11. Next locate point 3 where 
the vertical line of 64 F wet bulb tem- 
perature intersects the saturation curve 
for 28 in. Extend a horizontal enthalpy 
line through point 3? until it intersects the 
N-line 1-2 at point 4. Using equation 14, 
N = (0.243 X 500) + (16 X 12) = 
0.63. From Table 2 (p. 223, April, 1941, 
HPAC) for N = 0.63, @ = 45°-32’. 
Draw the second N-line 4-5 through point 
4 at an angle of 45°-32’ with the hori 
zontal. Point § is located where N-line 
j-5 intersects the saturation curve for 28 
in. The surface temperature is 60.7 F as 
read at point 5. 

Notice that for problems in coun- 

terflow, two N-lines and two values 
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of @ are required. Care should be 
taken not to confuse these two .\ 
lines. One of the lines shows the 
relationship between the wet bulb 
temperature of the air and the tem 
perature of the refrigerant. The 
second line shows the surface tem 
perature of the coil at any point 
where the wet bulb temperature ol 
the air and the temperature of th 
refrigerant are known 

Once the single N-line showing 
the relationship between the refrig 
erant temperature and the wet bulb 
temperature has been drawn, any 
number of parallel second \ -lines 
all originating on the one sloping 
line r-2—can then be drawn to de 
termine quickly the surface tempera 
ture for a number of different points 
on the coil. This is very handy 
when drawing the condition curve 
for counterflow coils 


Surface Temperatures of 
Parallel Flow Cooling Coils 


To determine the surface tem 
perature in parallel flow cooling 
coils, two N-lines are also required 
First, the N-line representing the 
relationship between the wet bulb 
temperature of the air and the tem 
perature of the refrigerant must be 
drawn. This N-line is drawn in ex 
actly the same manner as described 
in the section Cooling in Parallel 
Flow, p. 291, May, 1941, HPA 
The second N-line to be used in de 
termining the surface temperature 
of the coil is then drawn in the 
manner described in this month's 
section on Surface Temperatures ot 
Direct Expansion Cooling Coils 
Fig. 18—Method of determining surface 

temperatures in parallel flow coils 
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The value of N is also computed by 
means of equation 14, 

Example 11 illustrates the method 
of determining the surface tempera- 
ture at any point in a parallel flow 
cooling coil. 

Example 11—Take the conditions of 
example 2, p. 291, May, 1941, HPAC. 
Assume fr 800, f, = 12, andB = 16. 
lind the surface temperature of the coil 
it the point where the instantaneous wet 
bulb temperature is 75 F. 

Solution—Referring to Fig. 18, the 
first N-line, 7-2, showing the relationship 
between the wet bulb temperature of the 
air and the temperature of the refrigerant 
is drawn in exactly the same manner as 
described in example 2 and illustrated 
in Fig. 6. Locate point 3-where the ver- 
tical line of 75 F wet bulb temperature 
crosses the saturation curve for 29 in 
Extend the horizontal enthalpy line 
through point 3 until it intersects N-line 
I-2 at point 4. Using equation 14, N 
(0.243 kK 800) ~—+ (16 X* 12) = 1.01, 
from Table 2 (p. 223, April, 1941, 
HPAC) for N = 101, @ = 58°39’. 
Draw the second N-line from point 4 at 
in angle of 58°-32’ with the horizontal. 
Point 5 is located where the second 
\-line 4-5 intersects the saturation curve 
tor 29 in. The surface temperature of the 
coil is 65.7 F as read at point 5. 

Once the first N-line showing the 
relationship between the wet bulb 
temperature of the air and the tem- 
perature of the refrigerant has been 
drawn, a whole series of parallel 
second .\V-lines can be drawn for de- 
termining the surface temperature 
at various points throughout the 
parallel flow coil. All of these par- 
allel second N-lines would originate 
on the same first N-line 7-2 as illus- 
trated in Fig, 18. 

In a counterflow coil, as the air 
flows through the coil and comes in 
contact with the refrigerant at pro- 
gressively lower temperatures, both 
the wet bulb temperature of the air 
and the surface temperature of the 
coil must decrease. In a_ parallel 
flow coil, on the other hand, the sur- 
face temperature can either increase 
or decrease as the wet bulb tempera 
ture of the air falls. 

l‘or example, in Fig. 19 it 1s ap 
parent that for second N-lines such 
as 3-4 which lie entirely above the 
first \-line 1-2, the surface tempera 
ture of the coil will fall as the wet 
bulb temperature of the air de- 
creases. As point 3 moves down 
toward point 2, point 4 representing 
the surface temperature will also 
move down along the saturation 
curve. However, in some cases the 
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lig. 19—-Surface temperatures in parallel 
flow coils may either increase or decrease 
in direction of air flow depending upon 
relation of first N-line 1-2 to second 
N-lines. such as 5-6 or 3-4 


second N-lines will lie below the 
first \-line 7-2, as is the case for N- 
line 5-6 of Fig. 19. For such an NV 
line, it is obvious that as the wet 
bulb temperature of the air falls, the 
surface temperature of the coil will 
continually increase. As point 5 
moves down toward 2, point 6 rep- 
resenting the surface temperature 
will move up along the saturation 
curve. This increase in surface tem- 
perature is due to the fact that the 
rise in the temperature of the water 
more than offsets the drop in the 
wet bulb temperature of the air. 

It is interesting to note that in a 
parallel flow coil, it is possible to 
maintain a constant surface tem- 
perature throughout the coil; that 1s, 
regardless of the changes in the wet 
bulb temperature of the air and the 
temperature of the refrigerant, the 
surface temperature of the coil will 
be the same throughout the entire 
length of the coil. If the value of NV 
is exactly the same for both the first 
and second N-lines, the value of @ 
will be the same for both lines, and 
it is evident from Fig. 19 that both 
N-lines must coincide. In such a 
case, the surface temperature of 
the coil will be constant throughout 
the entire coil. This constant sur 
face temperature of the coil may be 
read at point 2 of Fig. 19. This 
point also represents the lowest 
temperature to which the air can 
theoretically be cooled. 

As previously stated, if the sur- 
face temperature of a parallel flow 
coil is to be constant throughout, 


the values of N for the first 
second N-lines must be equal 
each other. Consequently, equat 
equations 4 and 14 

chr 


G i = — 
Bf, 

When the conditions of equa 
15 are satisfied, the surface 
perature of a parallel flow coil 
be constant throughout. 


Determining Film Coefficien|. 


Equation 15 offers interes 
possibilities for a method of ce 
mining the individual values 
and fr from a test on a parallel | 
coil in which moisture is conde: 
from the air. For this purpose, t 
must first be run on a coil with 
surface and the values of / 
overall coefficient of heat trans 
determined. Neglecting the s 
resistance to the flow of heat 
fered by the metal, the value 
is represented by the following « 
monly used equation: 

I 1 B 


{ f fr 

If a second test on a parallel fi 
coil were then run in such a mam 
that the surface temperature of 
coil remained constant, equations 
and 16 could then be solved sir 
taneously for the values of f and 
The problem, therefore, becomes 


_ 


one of so adjusting the flow ot 
and water through a parallel fi 
coil that the surface temperatur 
the coil will be constant. Fort 
nately, there is a test for deter 
ing whether the surface temperatu: 
of the coil is constant without 
necessity of making difficult suri 
temperature measurements. Ii 
surface temperature of a coil is « 
stant, the process of cooling and ck 
humidifying the air will be repre 
sented on the psychrometric chart 
by a straight line (see articles by 
thor in June, 1939—IJuly, 1940 
HPAC, and Refrigerating [ns 
neering, October, 1936, p. 225 
This fact offers a method of det 
mining when the surface tempet 
ture of the coil is constant. | 
values of the air and water flow «) 
ing a test must be so adjusted t 
the points on a psychrometric cl 
representing the condition of 
air as it flows through the coil « 
be represented by a straight li 
This straight line will pass throu 


[Continued on p. 363) 
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Fig. l Plan of buried tile soil sterilizer 


SOIL STERILIZING 


HE plant beds of greenhouses 


sometimes become infested 


with small worms which may 
affect the growth of plants adversely 
losses. Heating 


and serious 


the soil with steam is probably the 


Cause 


most economical means of destroy- 
ing these pests. 
of the 
used for bringing the soil and steam 


(Ine methods sometimes 


n contact is illustrated in Fig. 1. 
The system shown was designed for 
a small greenhouse having a single 


plant bed 19 ft & in. wide and 76 ft 
) 


<'2 in. long. It consists of approxi- 
mately 940 ft of 4 in. drain tile laid 
12 below the of the 
ground and arranged in 51 rows 
paced 18 in. center to center. 


' 
i] 


he rows of tile are supplied with 


in surface 


n 


steam through nozzles screwed into 
a header which runs along one side, 
the full length of the plant bed. The 
opposite ends of the rows are con- 

ted to a concrete box type header, 
he chief function of which is to as- 
in distributing the steam by 


SIS 
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for Small Greenhouses 


equalizing the pressure betwee eighth inch extra strong nipples 
rows. Steam for both heating the were selected because the internal 
greenhouse and operating the ste1 diameter conformed more closely t 
ilizer is obtained from the under the calculated diameter than any 
ground main of a central heating other pipe size. Since the nozzles 
plant. were necessarily small, the extra 
Size of Nozzles—In designing thickness of the walls was af inci 
the sterilizer, the only problem of dental advantage 
any moment was to determine the Performance Test—At the time 


of the nozzles so that each row the system was installed, prepara 
of tile would receive an equal share 


of all of the steam that could be ob 


S1Z¢ 
tions also were made for a perforn 
test. An 


ance orifice was inserted 











tained through the 1! in. line for measuring the steam consump 
which connected the greenhouse tion; pressure gages were connect 
with the underground main. One to different parts of the system; and 
By L. S. O'Bannon 
A “Natural” for the Heating and 
Piping Engineer and Contractor 
6! 

















Be <A 


. 


Ce few 6S 


a number of thermocouples were 
prepared for measuring soil temper- 
atures. 

Soil Temperatures—Fig. 2 is a 
plot of the average temperatures ob- 
served at different depths (two 
couples at each depth), while Fig. 3 
shows the temperatures observed at 
the same depth (6 in.) from one 
side of the plant bed to the other. 
The distances indicated in the latter 
chart were measured from the curb 
on the steam header side of the 
plant bed. 

As indicated in the charts, on the 
day of the test steam was turned on 
at 2:10 p. m. and was turned off at 
6:50 p. m., thus making the length 
of the steaming period 4 hr 40 min. 
The initial temperatures were 15 to 
30 F higher than normal, owing to 
the heat retained in the soil from a 
preliminary test made seven days 
earlier. 

Surface temperatures were ob- 
served with mercury thermometers. 
In the test shown by the charts, sur- 
face temperatures at the time the 
steam was turned off averaged about 
155 F. In the preliminary test, dur- 
ing which the steaming period was 
6 hr, surface temperatures averaged 
about 195 F; while at depths down 
to the level of the. tile, maximum 
temperatures around 210 F were ob- 
tained, such as were observed also 
in the second test. 

In general, if a proper sterilizing 
temperature be assumed as not less 
than 130 F, which is in accordance 





SOIL STERILIZER Heating the soil 
with steam is probably the most eco- 
nomical means of destroying the small 
worms which sometimes infest the plant 
beds of greenhouses, affect the growth of 
plants and cause serious losses. The de- 
sign and installation of such a sterilizing 
system falls naturally within the province 
of heating and piping engineers and con- 
tractors, as it represents little more than 
an extension of the greenhouse heating 
system, . . . L. S. O'Bannon, research 
engineer, Kentucky Agricultural Experi- 
ment Station, describes a soil sterilizing 
system here, and gives results of a per- 
formance test consisting of steam con- 
sumption, pressures in different parts of 
the system, and soil temperatures at dif- 
ferent depths. An important conclusion 
is that the use of low pressure boilers 
for greenhouse heating does not preclude 
the installation of a soil sterilizer of this 
type, provided the piping is sized so as to 
distribute the steam properly, maintain 
a small pressure within the buried tile 
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Fig. 2—Soil temperature at dif- 
ferent depths plotted against time 


with the recommendations of some 
authorities, then it may be said that 
all regions of the plant bed to a 
depth of a little more than 24 in. had 
attained this temperature either be- 
fore the steam was turned off or 
within a few hours afterward. The 
lowest curve in Fig. 3 shows that 
the soil directly over the steam 
header was slow to heat in compari- 
son with other regions. The chief 
reason for this was, of course, that 
there were no joints in the steam 
header by which the steam could 
escape directly into the soil. A prac- 
tical solution for this deficiency 


would have been to have placed the 
header in a trench between 1! 

foundation and the curb, where th. 
cover of the trench could then |x 
used both as a walkway and as a 
means of access for inspecting and 
maintaining the header in good co: 

dition. 

Steam Pressures 
test the pressure within the under 
ground main was practically cor 
stant at 50 psi. At the end of th 
ly in. branch to the soil sterilize 
the pressure was 14 psi, at the en 
trance to the header 9 psi, and at 
the closed end of the header 7 psi 


During the 


Fig. 3—Soil temperature at 6 in. depth at various distances from the steam 
header side of plant bed. Total width of plant bed between curbs, 19 ft 8 in. 
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[he pressure within the buried tile, 

as measured by means of a U tube 

manometer, was about 0.1 or 0.2 in. 
water. 

Only the pressure within the 
buried tile is of especial significance, 
of course; and while it seems some- 
what low, it nevertheless was suffi- 
cient to cause small geysers of steam 
to issue from the soil, and (as the 
eraphs show) was sufficient also to 
do a good job of sterilizing within 
a reasonable, length of time. An 
important conclusion from these re- 
sults is, therefore, that the use of 
low pressure boilers for greenhouse 
heating, in either old or new in- 
stallations, does not preclude the in- 
stallation of a soil sterilizer of this 
type, provided the piping is sized so 
as to distribute the steam properly 
and maintain a small positive pres- 
sure within the buried tile. 

Steam Consumption—From the 
orifice readings, the rate of steam 
consumption was estimated to be 
2000 Ib per hr. The calculations 
were made with due regard for mod- 
ifying factors. Since there is no 
point in knowing this figure with 
great precision, it may be taken with 
confidence as being correct within 
plus or minus 10 per cent. 

Assuming a steaming period of 6 





Fig. 4—Three inch steam header, 76 ft 
long, containing fifty-one ‘4 in. nozzles 


hr, the gross steam consumption 
amounted to 12,000 Ib. Since the 
area of the plant bed was about 1500 
sq ft, 8 Ib of steam was used per 
square foot of plant bed area. 

As a result of the spading that 
was necessary when the system was 
installed, and of the lack of water 





The Water-Air Chart 


[Continued from p. 360] 


the point representing the initial 
condition of the air. 

To determine whether a straight 
line is being obtained on the psy- 
chrometric chart for a particular 
adjustment of the air and water, it 
would be necessary to split the 
parallel flow coil into two separate 
coils in series. The dry and wet 
bulb temperatures of the air be- 
tween the two coils could then be 
measured. Then knowing the initial 
condition of the air entering the 
first coil and the final condition of 
the air leaving the last coil, the 
three points could be plotted on a 
psychrometric chart. If the three 
points fell on a straight line, it 
would indicate that the coil was 
hen functioning with a constant 
surface temperature. This would 
permit equations 15 and 16 to be 
solved simultaneously for the film 
efficients. 

This method would have many 


advantages, since it would com 
pletely eliminate the need for as 
suming the exponents of the air and 
water velocity or the use of any 
other empirical factors such as have 
been needed for all methods pro 
posed heretofore. 

Only in running tests on the wet 
parallel surface would it be neces 
sary to adjust the weights of air 
and water to obtain a straight line 
on the psychrometre chart. The 
tests on dry surface used for deter 
mining the value of U/ in equation 16 
could be run without any regard to 
the psychrometric chart other than 
to make sure that no dehumidifica 
tion of air was taking place in the 
coil. 

The accuracy of this 
hinges on whether the straight line 


method 


drawn on the psychrometric chart 
would provide a sufficiently accur 
ate criterion by which to judge 
whether or not the surface tem 
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ing, the soil at the beginning of the 
test was loose and dry. Immediately 
following the end of the steaming 
period, samples of earth obtained by 
digging to the level of the tile wer: 
moist enough to ball in the hand, but 
there was nothing that could be de 
scribed as mud or mire. Owing t 
the elevated temperature, thx 
dried rapidly. 
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Soil Treatment for the Control 
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(April, 1931). 


perature of the coil was constant 


This method has not been tried e» 


perimentally, but it seems to |x 
worth further investigation to ce 
termine its value. 

| This is the third of a seri 

the water-aw chart.) 


a 


C. George Segeler, engineer of utiliza- 
tion, American Gas Association, analyzes 
some recent studies on temperature and 
relative humidity conditions in commer- 
cial and institutional kitchens, at the 
hotel, restaurant and commercial sales 
conference at the Palmer House, Chicago 
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CHANGE—ONCE A 


MAJOR CRITERION 


Tue Eprror— 

I have read C. M. Ashley’s article 
Air Change—Once a Major Criter- 
ion in the March HPAC, and Mr. 
rank’s and Mr. Stewart’s com- 
ments last month. All these men 
realize the importance of ihe sub- 
ject of air change, but each sees the 
answer as it fits his own line. 

Whether it be the Black Hole of 
Calcutta or the most modern thea- 
ter, the amount of air circulated is 
of prime importance to the comfort 
of the occupants. It is true that 
with the introduction of mechan- 
ical means to alter the temperature 
and humidity within an enclosure 
the amount of ventilation air is less. 
It is, I believe, because of this fact 
that Mr. Ashley says Mr. Frank is 
confusing the term “air change” 
with “air change per person.” Gen- 
erally speaking, tlie air change is 
less in an enclosure with a light oc- 
cupancy load; but where a light oc- 
cupancy occurs, in most cases the 
volume of the enclosure is small. If 
you consider an extreme where the 
volume is very large yet the occu- 
pancy is very low, the theoretical air 
change would be small when con- 
sidering air change per person only. 
Yet we know from past experience 
that this is not the case. The air 
change must be kept sufficiently 
high and in many cases above the 
actual amounts necessary on a per 
person base to give satisfactory re- 
sults. 

As yet there have been no basic 
standards presented that attack the 
problem in a sound practical way. 
Just where to stop on air change is 
left to the judgment of the design- 
ing engineer. The way he handles 
the case depends on the type of 
equipment with which he is familiar. 

Mr. Frank, selling ventilation 
fans, sees the Black Hole of Cal- 
cutta handled with large quantities 
of air, much more than is actually 
necessary per person but enough to 
hold down heat gain as much as 
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possible. Mr. Ashley, _ selling 
mechanical equipment to alter tem- 
perature and humidity, sees the 
same condition handled with a small 
quantity of ventilation air; but no 
doubt he had in mind mechanical 
equipment to hold down heat gain, 
although he didn’t say as much. 
Somewhere between these two ex- 
tremes lies the answer. An enclo- 
sure must not only have sufficient 
air per person but there must also 
be enough to keep the air from stag- 
nation. It will stagnate much in the 
same manner as water in a cistern 
without an agitator.—Wiutt D. 
Sampson, Will D. Sampson and 
Associates, consulting engineers. 


LEADING WITH 
HIS CHIN 


Tue Eprror— 

C. M. Ashley is leading with his 
chin in his air change article in the 
March HPAC! So “air change” is 
to be “gone with the wind” is it? 
Well, it seems to me he proves just 
the opposite in his little dissertation. 

I never heard cf an engineer de- 
signing his air handling volume on 
the basis of a definite air change, but 
I do insist that an engineer cross- 
check the cfm arrived at for heating 
or cooling load, just to be sure he 
does not have a monstrosity, such as 
described by the esteemed author. 
There is nothing wrong with Fig. 1 
of his article except a waste of air 
handling equipment. If inlet air is 
desired close to room air, you might 
use it, but a quick check on air 





change would say “To hell wit 
or 15 fpm velocity! Let’s us 
air, say a 3 min (not thre 
minute) air change.” 

Likewise, in Fig. 2, Mr. A 
permits his trained arrows to 
him astray. Will air at 2000 
velocity from a nozzle for inst 
induce 10 times its own volun 
How and where? Look at Fig. 2. | 
70 per cent of the cross-section 
is used by the return air, 
leaves 30 per cent for the supply 
and Mr. Ashley would be the 
one to say that the air would not 
low the arrows in this particular 
room. If, from a Btu standpoint 
only 860 cfm is required for 
room, the quick check on 
change would prevent the instal! 
tion of another monument to an 
gineer who thought that figure, 
couldn't lie. 

Seriously, there is a spot for 


change and that’s for a= cross 
check. Any cim arrived at throug 
“pure” science that would give rici 
ulously high or low overall 
change, should be “viewed wit 
alarm.”” But I'll agree 100 per cen! 
with Mr. Ashley, that you 
start from there. 

So far as using air change on out 
side fresh air volumes is 
cerned, that’s a joke. I’ve seen out 
side air short circuited from a toil 
or kitchen exhaust hood over to tly 
supply air intake. So when we 
speak of odors, odor dilution, fres 
air, etc., we'd better be careful wher 
we get the fresh air and how fres 
it is. Air change means nothing ex 
cept that it might offset natural 1 
filtration, but what is “natural infil 
tration” ? 

Would you like to know my “pet 


Readers of Heatinc, Piping aANp Atk CONDITIONING are invited 
to contribute their views to these “Open for Discussion” pages. 


which will appear from time to time. Comments on articles we 


have published, expressions of timely interest on developments 


in design, installation, operation or maintenance of heating. 


piping or air conditioning systems, other remarks of value to 
HPAC’s readers — all will be weleomed by . . . . Tue Eprror. 
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eve’? It’s dirty equipment, dirty 
filters, coils, fan impellers, ducts and 
crilles. Let’s speak frankly about 
these things. Cleanliness of appa- 
ratus has a lot more to do with an 
odor-free room, than the amount of 
outside air supplied, whether fig- 
ured on a minimum cfm per person 
or on an air change basis. Standard 
apparatus too often has no simple 
provision for access for cleaning. In 
fact, some units are installed in loca- 
tions where you could not get at the 
coils to clean them without a major 
operation. 

While we are setting up straw 
men and real men to knock over, 
I'd like to set up this one. Every air 
unit should have access doors to 
get at filte:s, heating and cooling 
coils, eliminators, dampers, fans, and 
large ducts. Operating instructions 
should include a cleaning schedule. 

Lester T. Avery, President, 
Avery Engineering. Co. 


THE BLACK HOLE 
OF CALCUTTA 


Tue Epiror— 

In the May HPAC, on _ the 
“Open for Discussion” pages, J. M. 
Frank and C. M. Ashley make ref- 
erence to the need for air change 
and the lack of ventilation in the 
Black Hole of Calcutta. 

From what I have heard and 
read on the subject, I would say 
that most of the deaths were caused 
by entirely too high a mean radiant 
temperature, radiation and re-radia- 
tion between the bodies of the vari- 
ous individuals concerned and from 
the walls of the dungeon proper. 
Lack of ventilation, to my way of 
thinking, would be a very small con- 
tributing cause to the deaths, for 
the few individuals who were fortu- 
nate enough to have their faces di- 
rectly up to the one tiny opening 
also died one by one; others took 
their places at the opening, so that 
ventilation certainly wasn't the 
problem. As to air change, it would 
seem mechanically impossible to get 
enough air in such a limited space 
with such a high heat load to pos- 
sibly make the conditions better. 

| would feel, as just suggested, 
that an unusually high mean radiant 
temperature, the source of heat be- 
ing the individuals themselves, was 
the principal cause of the tragedy.— 
Cart F, Borster, director of hous- 
ing research, Purdue University. 





VENTILATION FOR 
ELECTROPLATING TANKS 


equation for determining the rate ol 


THe Eprror 

In the article New Data for Prac 
tical Design of Ventilation for 
Electroplating, by William P. Bat- 
tista, Theodore Hatch and Leonard 
Greenburg, published in the Febru- 
ary, 1941, HPAC the exponent a 
for the slope of the curve of Fig. 2 
on p. 82 was given as 1.625. This 
is incorrect ; the exponent should be 
the reciprocal, or 0.61. 

Thus, the value of the exponent in 
the equation ’/(V,—I’) KX* 
is —0.61, and in the equation O/L 

KW* it is +0.61. The exponent 
is therefore less than the theoretical 
minimum of 1.0 for a line source of 
suction, which means that the rate 
of ventilation per square foot of tank 
area decreases with increasing tank 
width. This departure from the 
theoretical minimum is explained by 
the flange effect of the horizontal 
surface below the slot which tends 
to displace the velocity contours in 
an outward direction. 

A more complete form of the 


ventilation for electroplating tanks 
than that given in the last line of the 


first column on p. 84 of the articl 


1s: 
O/l K° V if 
where QOz=total rate of  ventilati 


cim; 
L = total length of slot, feet 
V controlling minimum vek 


ity over the tank, fpm; 
W = tank width, feet 
K’ constant, the value of whicl 
varies with the tank shap« 
and with the shape and | 
cation of the exhaust 
For slots on the two lor 
sides of the tank, K’ will be 
smaller than for on 
only since the velocity 
the center of the tank witl 
two slots is the vectorial 
sum of the velocities estal 
lished by both slots 
Further experimental work is r¢ 


determine the proper 


quired to 
values of V and K’ for various types 
of electroplating tanks.—Tue A! 
THORS, 





conditioning 


blast furnaces. 
controlled conditioning of 
but also creates uniform operat 
variations. With air condition- 
ing there is a definite increase in 
production, a saving in coke con- 
sumption and greater uniformity 
of the finished pig iron. 


The Sloss-Sheffield air control 


Co., Birmingham, Ala., has 
awarded a contract for an air 
system capable of 
extracting nearly 80 tons of water 
every day from the air fed into 
“Dry blast,” the 
blast 


furnace air, not only saves fuel 


ing conditions despite weather 


FOR DEFENSE — DRY BLAST 
SPEEDS STEEL PRODUCTION 


Sloss-Shefheld Steel and Iron 


by a 900 hp steam turbine Pha 
air blast will pass through a 
special dehumidifier before en 
tering the furnaces. 

Dry blast is not a new idea in 
1904, it was 


at the Isabella 


steel circles. In 
demonstrated 
plant of the Carnegie Steel Co., 
and in 1907 and 1908 for Wats 
wick Iron and Steel and Toledo 
Furnace, respectivels Phe 
method is of increased importance 
today as a defense weapon 

speed up steel production wit! 
out time-consuming plant expat 
sion. Another modern dry blast 


system will shortly be put in op 
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system will condition 90,000 cim eration for the Republic Steel 
of air for two blast furnaces by Corp. at Birmingham W. | 
means of a single turbo-com- Barnum, York Ice Machinery 
pressor water cooling unit driven Corp 
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Welding Plays a Vital Role 


in Production for 


J. H. Romann* Recalls Piping Experiences 
During First World War, Cites Importance 
of Welding Advancements Since That Time 


XPERIENCES during the 

first world war as chief en- 

gineer of a_ shell forging 
plant in the Chicago area indicated 
to me—rather forcefully at times— 
the importance of plant piping serv- 
ices to efficient production for de- 
fense. During the entire war pe- 
riod, the plant produced 8 in. and 
9.2 in. shells, first for the English 
government and later for the 
United States when we entered the 
war. 

We started out making shells on 
six 750 ton hydraulic presses, with 
the hydraulic power being created 
by six 200 gpm pumps driven by six 
200 hp motors. In order to main- 
tain a constant pressure of 1350 
psi, an accumulator was installed. 
The pumps were arranged so as to 
cut in and out in series whenever 
there was a pressure change due to 
the starting and stopping of the in- 
dividual presses. 

The piping connections were such 
that all the pumps delivered into one 
header and the presses received 
from one header. In between these 
two headers were the accumulators 
and shock absorbers as well as ex- 
pansion loops. Each feeder line be- 
tween header and presses was 
equipped with a separate shock 
absorber, Since provisions had to 
be made also for return lines, in- 
takes, etc., it will be evident to any- 
one familiar with hydraulic and 
other piping installations that a 
great many joints and connections 
had to be made. Although great 
care was exercised in the design of 
the plant layout to avoid friction 
in the system as much as possible 
by reducing the number of bends, 

*The author is head of the experimental lab- 


oratory and research department of Tube-Turns, 
Inc. 
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joints and branches to the absolute 
minimum, nevertheless the whole 
presented an elaborate system of 
piping and fittings. 

To prevent damage to the piping 
by the dropping of tools and equip- 
ment on it, and to prevent it from 


WELDING—Piping—“industry’s biggest 
transportation system”—is a vital service 
in the plants of the nation engaged in 
production for defense. Consequently, 
welding—an art in its infancy at the time 
of the first world war—assumes an im- 
portant réle in the present emergency. 
. . » Mr. Romann recounts some of his 
piping problems as chief engineer of a 
shell forging plant 25 years ago to indi- 
cate one of welding’s many applications 


being hit by passing objects, con- 
crete trenches covered with steel 
plates were provided. Because of 
the size of the flanges and the num- 
ber of pipes running parallel in one 
trench, one can imagine the size of 
trench required to make it possible 
for a maintenance man to have easy 
access to the joints. All of these 
conditions caused us to locate the 
pumps and motors close by the 
presses to keep the supply lines as 
short as possible. 


Capacity Doubled 


When the United States entered 
the war, the capacity of the plant 
had to be doubled. Seven additional 
presses of 750 ton capacity with the 
additional power drives were pur- 
chased and the necessary building 
expansion was undertaken. 

In order to keep the two press 
batteries in one row, the original 
power units had to be moved. Since 
thirteen 200 gal pumps and thirteen 


efense 


200 hp motors with the necessary 
control equipment required a ¢: 
deal of space, a separate building was 
constructed and the entire power 
equipment placed under one roof, 
where it could be kept clean and in 
the best operating condition. Wit 
this move the piping layout becany 
one of the most important parts of 
the plant. The maintenance of this 
elaborate piping system was by far 
the most intricate of all operations 
and one that required great skill to 
prevent production interruptions 
As is well known, one of the 
causes of leaks in a hydraulic pip 
ing system is vibration and shock 
When several presses operate simul- 
taneously the consumption of the 
pressure medium is so great as to 
cause the accumulator to drop at a 
fast rate; and then, when the 
presses come to rest, the movement 
of the accumulator is arrested sud 
denly, thereby jarring the entir 
piping system despite the effectiv 
ness of shock absorbers. Then, to 
the opening and closing of t! 
valves causes considerable vibrati 
To keep leakage to a minimun 
the flanged and bolted couplings 
were made into male and _ femal 
halves and were fitted with nonfe: 
rous metal rings for packing put 
poses. However, with all of thes 
and other precautions such as shock 
absorbers, etc., the operations wer 
often interrupted due to low pres 
sure in the hydraulic system. At 
the first indication of a substantial 
pressure drop, such as 200 to 30) 
psi, an entire battery of presses 
would have to be shut down, 
pipe trenches opened and the piping 
system carefully inspected over tts 
entire length for small leakage, si 
two drops per second meant a 
of 150 to 200 psi pressure. 


Sunday Maintenance 


To keep from losing an appr‘ 
able amount of time during th 
working week, the entire mart 
nance department would be called 
out every Sunday, together wit) 4 
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A welded piping installation, showing compactness, neatness and adaptability 


regular staff of mechanics, to go 
over this piping system. Every 
joint would be taken apart, care 


fully inspected and the necessary re- 
pairs or replacements would be 
made then and there. 
Of course the loss of time during 
the week would mean loss of pro- 
duction. In comparing maintenance 
labor cost for Sunday work at dou 
ble time with production loss cost 
during labor week time, ‘it was 
found to be much more economical 
to do the Sunday work even at its 
exhorbitant labor cost. In working 
the maintenance department every 
Sunday as well as on week days, 


however, it eventually became neces- 


Welding’s Advance 


tunate to have 


kor 


large industries, 


Today, we are [ot 


advanced in the art of welding 


some past 
oil 


have 


years 


the industry, chemical 


adopted 


such as 
welded 
Che 


to 


plants, etc 
joints for piping connections 
lustry, 


welding equipment in 


gether with the manufacturers ol 


f +h; 


welding fittings and the users of this 


material, have developed welding 


practices to a pomt where the 
safety factor has reached 100 pet 
cent. This factor, together with 


the savings in installation and main 


cost, has made the welding 


tenance 


with a hydraulic 


does not need 


the 


penses caused 


it is now possible 


all lines 





; 


i() 


tremendou 


} 





piping installat 
include in the cost 
maintenance « 
leaky joints. 


| 
to weld pract 


The Marine Field 
Recently t! naval ( 
have found the welding piping 
in vessels of the greatest importa 

due to safety and convenience 
the tremendous saving in space 
which is of much importance 


Increase 


in the 


Nl 


powe! 


marine fie 


shipbuilding design, permitting 


and speed 


ld as we I] as 














sary to employ spell-men to relieve industry one of national importance: dustry, welding plays ai portant 
the regulars for a much needed rest. \ shell forging plant of today national defense role 
The administration building and ators [The cafeteria and _ dining lown blast typ the 
engineering office building of the new room systems are designed in_ the esigned for blacl it operat 
Thompson Aircraft Products Co same manner, except that the cooling pered air will bh troduce { 
plant, Cleveland, will be air condi oils and compressor are being left roof units and the air w © ¢ 
tioned, using direct expansion “Freon” out for the present. Condensing of the hausted through 
r cooling; in winter the air condi- refrigerant is to be by means of evay lators scattered over the 
tioning system will be used for tem- orative condensers the roof, according to the office of Al 
pering the air and heating will be The factory will be heated by hig! bert Kahn Associated Archit 
lone by hot water convectors or radi- pressure steam unit heaters of the Engineers 
367 
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AIR DISCHARGE 


from Narrow Slots 


Results of Some Field Observations and 


Experience Summarized by F. F. Stevenson 


KCENTLY I was asked to 

design a slotted air dis- 

charge system for industrial 
air conditioning and found it neces- 
sary to get some first-hand infor- 
mation about this method of air dis- 
tribution. I therefore inspected 
several installations. 

The information given here and 
in my article in the May HPAC is 
not the result of laboratory tests, 
for so far as I was able to find out 
there are no such data available. It 
is based on field observations and 
experience, 


Turning Loss 


The loss due to the turn of the 
direction of the air flow and the re- 
sulting turbulence in its approach to 
the slot is difficult to measure and 
in the latter half of the duct it is not 
large enough to have an appreciable 
effect on the design. At the start 





NARROW SLOTS — Little information 
is available on slotted air discharge 
systems, though this method of air dis- 
tribution has considerable use in indus- 
trial air conditioning work. These jobs 
are usually designed by ruie of thumb, 
with plenty of provisions for balancing 
and changing the air distribution after 
the system is put in operation. . ... 
The author was called upon to design a 
slotted air discharge system and decided 
to secure first-hand information in the 
field. He has summarized the results of 
his “survey” here, and in a_ previous 
article published in the May HPAC. 
Data on required static pressures and on 
throw of air from slots are included 





of the duct, however, where the 
velocity may range from 1000 to 
1500 fpm, this loss is larger and 
may well be equal to a considerable 
part of the existing velocity pres- 
sure, 

The use or non-use of turning 
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vanes or cores has a bearing on this 
matter, because with the use of 
turning vanes, the velocity pressure 
of the air stream can be used (in 
part, at least) for discharge pur- 
poses, while without vanes, none of 
the velocity pressure is available 
for discharge. Either way, how- 
ever, the turning loss need not be 
considered in respect to the latter 
half of the duct. The turning loss 
occurring through the inlet half of 
the duct will be discussed later. 

Shock or “Borda” loss is sub- 
stantial in expanding sections when 
air velocities are high or transitions 
abrupt, but for the work involved 
here it is negligible. 


Static Pressure Regain 


In a duct of this sort, static pres- 
sure regain due to the decrease in 
velocity is a matter of interest, es- 
pecially when the initial velocity is 
high. The ordinary duct system is 
frequently designed to effect a re- 
gain in static pressure from the fan 
outlet to the farthest air discharge 
by sizing the duct so that the fric- 
tion pressure loss level is decreased 
at various points along its course. If 
each transition piece is made in 
long easy slopes, a considerable re- 
gain will be attained. This regain 
may effect a considerable saving in 
the fan selection by reducing the to- 
tal static pressure against which the 
fan must operate. 

With the type of duct we are 
discussing, the static pressure re- 
gain should be considered, in 
view of the fact that with no turn- 
ing vanes we use static pressure to 
provide the energy of discharge. 

Static pressure regain due to de- 
crease in velocity is always accom- 
panied by a shock loss, but in the 
case of a gradually diminishing ve- 
locity, such as we encounter here, 
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the loss is too small to be an ck 
ment in the calculations. 

Actual readings show a notice 
able increase in the static pressur 
existing in a duct of this kind bx 
tween the duct inlet and the “dead 
end.” For instance, consider a 
duct with a slot 100 ft long, han 
dling 9960 cfm, and with an initial 
velocity of 1000 fpm. Initial velo: 
ity pressure is 0.063 in. water gage 
and the final velocity pressure is 
Neglecting any shock 


negligible. 
loss as too small for consideration, 
and computing friction loss by 
equation on p. 310 of the Ma 
HPAC, assuming an initial frictior 
loss per foot of 0.00037 in, we hav 
a loss of 100 * 0.00037 & 0.25 
0.009 in. 

Then the net static pressure 
gain is 0.063 in. minus 0.009 in 
0.054 in. That is to say, whateve: 
the static pressure may be at t 
beginning of the duct, it will bx 
0.054 in. greater at the last foot 
slot. 


Static Pressure and Discharge 


The relationship between stat 
pressure and slot discharge pressur 
is significant. At the far end | 
duct, with or without turning vanes, 
we depend entirely upon stats 
pressure to force the air out 
through the slot. At the fan end 
the duct, if turning vanes ar 
used, there is considerable veloc! 
pressure available for discharg: 
purposes, but the static pressurt 
loss caused by the change in dire: 
tion of flow and _ turbulence }s 
greater than at the far end, du 
the higher air velocity. 

Referring again to the duct used 
in our example above, assume 4 
cross sectional area of approx! 
mately 10 sq ft to handle an initial 
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Air discharge slots in an air conditioned general 


volume of approximately 10,000 
cim at 1000 fpm velocity. 

The face area of the slot, 100 ft 
in length and assuming its height to 


be 1 in., is 8.3 sq ft. For the volume 
of air handled, the face velocity of 
the air through the slot will there- 
fore be 1200 ipm. 
used to direct 


Turning vanes 
flow of the air. 
\ssuming a coefficient of discharge 


are 


of 0.7, we have a discharge velocity 
of approximately 1700 fpm. The 
pressure in inches of water needed 
to produce a velocity of 1700 fpm 
is 0.181. 
through the edges of the slot is too 
small to be measured, so that the 
total pressure needed for discharge 
thus 0.181 in. 


The friction pressure loss 


purposes is water 
gage. 

\t the final section of the slot, 
the velocity pressure in the duct is 
negligible, but we have a net static 
pressure regain available of 0.054 in. 
lherefore, we suffi- 
cient static pressure at this point to 

ike up the difference between 
0.181 in. and 0.054 in., or 0.127 in. 


But what static is required at the 


must furnish 


first section of the slot We need 
0.181 in. for discharge purposes all 
through the run. Howeve it the 


beginning of the sl 


SiIOT We 
velocity pressure of 0.063 in. avail 
duct 


static loss, 


able in the However, we 
en 6 


have a due to the turn 


and to the turbulent 


flow, that may be equal to a sizable 


in direction 


proportion of the velocity pressure. 
the 


turbulence 


It may be fair to assume that 


turn in direction and 
cause a loss of equal to 50 per cent 
of the velocity pressure, or 0.032 in 
Therefore, the total pressure needed 
at the beginning of the slot run may 
be taken as 0.181 in 
We already 


in. of velocity pressure, 


plus 0.032 in 
have 0.063 
+} 


so tne 


or 0.213 in 
Static 
pressure needed is 0.213 in. minus 
0.063 in. or 0.150 in. water gage 


When discharging air from a 
streamlined grille or slot of good 


construction and with the air sup 
ply flowing to the grille in the sam 
plane with it (no change in dire¢ 
tion of flow) and with the friction 
loss of the grille negligible, we can 
that the total ' 


assume pressure o! 
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ers the duct with a stat 0.15 
n Pherefore it the fina 
slot, it will carry sta ( 
r O.150 it Jus 0.054 0) 70 
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We actually ne 0.18] 
discharge purposes a . 
pur] 

velocity pressure and turning | 
at this point are negligibl ( 
in xcess pressu 0.204 
minus 0.181 in. or 0.023 
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0.204 ! will provid 
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1800 fpm, only 100 fpm greater 
than required. This may not be 
critical, but if it is desired to main- 
tain a uniform discharge of air 
throughout the run, the height of 
the slot may be made slightly less 
toward the far end of the duct, in- 
creasing the discharge loss, which 
should balance the system satisfac- 
torily. From the standpoint of con- 
ditions at the far end of the duct, we 
could carry a zero static pressure 
at the entrance of the duct in many 
systems of this sort and still have 
enough pressure at the far end for 
discharge purposes. But such an 
arrangement would not be satisfac- 
tory for the first section of the duct, 
as we shall notice later. 

If no turning vanes were used in 
our example, then we could not 
make use of the air velocity pres- 
sure at the duct inlet for discharge 
purposes, so we should have to 
carry an entering static pressure of 
0.181 in. plus 0.032 in., or 0.213 in. 
This assumes, for the purposes of 
the example, that the loss due to 
the turn and the turbulence is the 
same whether or not turning vanes 
are used. This is not strictly true, 
but the pressures dealt with are low 
and the variation is not important 
to the purposes of this discussion. 

Turning losses in the latter half of 
the duct are negligible, so the static 
pressure available at the end of the 
run would be 0.054 in. plus 0.213 
in. or 0.267 in. This would provide 
a discharge velocity slightly in ex- 
cess of 2000 fpm, so we would have 
recourse to the same remedy as be- 
fore, i.e., decrease the area of the 
slot at this point and so increase 
the discharge pressure require- 
ments. 


High Initial Velocity 


Trouble is encountered when too 
high an initial velocity as compared 
with the static pressure is used in 
the supply duct. I have a report on 
one installation with a slot about 
150 ft long cut in both sides of an 
exposed duct and using an initial 
air velocity of 1600 fpm. The 
height of the slot was 1% in. and 
there were no turning vanes. A 
relatively low discharge velocity 
was planned and when the system 
was in operation, readings showed 
a total pressure of 0.16 in. at the 
duct inlet, 0.09 in. about halfway 
along the duct, and 0.07 in. toward 
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the end of the duct. At the en- 
trance and at the halfway mark, the 
static pressure readings were zero. 
With this high ratio of velocity to 
static pressure, trouble was experi- 
enced in getting a proper discharge 
out of the first part of the run of 
slot. The air tended to flow along 
through the duct and not to force 
its way out through the slot. 

To make the system operate 
properly, three things had to be 
done: (1) the height of the slot 
was increased at the beginning of 
the run, reducing discharge pres- 
sure requirements there; (2) the 
height of the slot was decreased 
toward the end of the run, which 
increased the discharge pressure re- 
quirements there and, incidentally, 
increased the static pressure that 
the air must carry when entering 
the duct; and (3) the fan had to be 
adjusted to handle the increased 
Static pressure, with no appreciable 
change in outlet velocity. After 
the above changes were made, a 
better air discharge was obtained 
at the start of the run and a more 
even balance throughout the whole 
run of duct was secured. 

Slotted systems can usually be 
balanced in this way and it is best 
that the slot be designed with some 
practical method of changing its 
height or width all along the run. 

We must always remember, how- 
ever, that when the discharge area 
and the pressure are varied, the 
throw of the air is affected. Noth- 
ing can be done about this, except 
to effect as good a balance as pos- 
sible. The greater the discharge 
velocity and slot area, the greater 
the throw, but here we are lower- 
ing velocity and increasing area, or 
vice versa, which helps to preserve 
the balance. However, it is desir- 
able to keep initial duct velocity less 
than the slot discharge velocity for 
optimum conditions. 


Throw from Slot 


Calculating the throw of air dis- 
charging from a slot forms an in- 
teresting phase of this work. Some 
time ago, I was given a formula 
credited to Mackey for determining 
the throw from slots and a couple 
of tests indicated that it gave fairly 
good results, though cumbersome to 
use. 

Another formula was given me 


by H. M. Hendrickson, Thi. 

based on the empirical assumy 

that the throw of air from a nar: \ 

slot with a discharge velocity 

1200 fpm will be approximately 2 

ft. Starting with this assum, 

and using a value of 0.8 for the 

efficient of discharge, the follow 1, 
equation can be developed: Throw 

in feet is equal to (cfm) divided |) é 
(48 times the square root of the 

face area). The slot face area js 

taken as a unit value, and in thes: 2 
calculations is 1 sq ft. Space does 

not permit an exposition of how thy 

equation is developed, but for any : 
one interested, I will be glad to ex : 
plain in detail. 

The above equation holds 
pretty well against actual tests 
the field. For slots 2 and 3 in. hig 
the constant might better be 44 or 
40, with 48 serving for slots | 
1% in. high. Of course, for ver 
close engineering calculations, 
change in the value of the coefficient 
of discharge throws a_ monke 
wrench into this equation, but 
practical purposes, it seems fairly 
satisfactory. 

As an example of the use of this 
equation, assume a slot 36 ft 
length and 1 in. high delivers 3600 
cim at a face velocity of 1200 fp: 
The slot has a face area of 3 sq f 
Using a unit of 1 sq ft of face area 
the volume of air delivered fron 
the unit of calculation is 1200 cim 
According to the equation, t! 
throw would be 1200 cfm divided 
by (48 times the square root of | 
or 25 ft. 

Actual values of the air thr 
taken in the field should be of i 
terest. The readings were taken 1 
a fairly large auditorium with a di 
rect reading air velocity meter. Thy 
room was approximately 80 ft x 
80 ft, with a 23 ft ceiling. The slot 
was 2% in. high, with a throat 
about 8 in. deep, and was about |’ 
ft below the ceiling line. The throat 
had a slight upward spring. Dis 
charge velocity at the slot averaged 


1900 fpm. 


Distance from Slot 
8 18 7 
ft ft ft 
Velocity of air stream, fpm.500 150 75-10 
Thickness of air stream, ft..14% 2 


I wish to acknowledge wit! 
thanks the codperation of H. 
Hendrickson, F. F. Kravath, A 
Greenlaw, W. E. Lowell and W 
Bailey. 
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Concerning Conservation of 


Underground Water with 


Suggestions for Control 


Introduction 


HE rapid increase in com- 

fort air conditioning installa- 

tions presents definite prob- 
lems to municipalities concerning 
water supply and disposal. In many 
large metropolitan areas legislation 
has been enacted to limit the use 
and waste of cooling water. 

This paper concerns particularly 
the upper central and Northern 
California valley area where under- 
ground water is essential to farming, 
industry, and domestic supply. Well 
water temperatures and climatic 
conditions are such that the eco- 
nomic balance generally favors the 
performing of a large percentage of 
cooling requirements directly with 
through extended surface 
coils. With the growth of air con- 
ditioning comes an ever increasing 
demand for cooling water—and the 
possibility of drawing unlimited 
quantities from innumerable wells 
in a concentrated area could effect 
considerable hazard. It follows 
that methods for regulation are nec- 
essary to the protection and advan- 
tage of all concerned. 


water 


Well Water and Disposal 
Facilities 
Average well water temperatures 
in the central valley area centering 
around Modesto and Stockton are 
66-68 F for wells from 90 to 300 ft 
deep. In the Northern valley from 
Sacramento, North to Chico, water 
from the 120-140 ft strata is usu- 
ally 63 F with extreme cases as low 
as 59 F. Deeper wells yield warmer 
water, the rise in temperature being 
from 1 to 2 F per 100 ft of depth 
below the 140 ft strata. 
*Engineer, General Air Conditioning. Qo. of 
Pacific. Junior Memper ASHVE. 
For presentation at Semi-Annual Meeting of 
the American Socrety or Heatinc ann VEN 


TILATING Enorneers, San Francisco, Calif., 
June, 1941. 
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By Noel E. Porter,* Sacramento, Calif. 


SUMMARY—lIncreased usage of air con- 
ditioning presents problems in the use 
and waste of cooling water to munici- 
palities. Commercial areas demand pro- 
tection of underground water supply 
by means of regulation. The water rate 
for cooling equipment can be propor- 
tioned to the load resulting in a sub- 
stantial saving. Ordinances may be pro- 
vided limiting the rate of disposal to 
sewers. Regulations governing the use 
of disposal wells may be required in 
the future 


Test results of a number of wells 
in Stockton and Sacramento reveal 
a yield of 10 gpm, or more, per foot 
of drawdown for an 8 in. diameter 
well. Water stands at 20 to 30 ft 
below ground level. The table is 
subject to a drop in late summer, 
the amount depending upon sea- 
sonal rainfall and snowfall, extent 
of irrigation from wells, etc. 

Disposal facilities in the major 
localities are listed in Table 1. Sani- 


Table 1 


City DisposaL Faci.ities 
Modesto Dual Systema 
Stockton Dual System 
Lodi Dual System! 
Sacramento Single Systen 
Marysville Dual Systema 
Chico Dual System 


*Separate Sanitary and storm sewer systems 

*Storm sewer system somewhat limited in 
coverage for metropolitan area. 

*Single system for both sanitary and storm 
disposal. 

“Storm sewer mains located in alleys 

*Storm sewer mains routed in alternate 
streets. 

In general, it is assumed that storm sewer 
systems have ample capacity for cooling waste 
needs. 


tary systems require pumping at the 
sewer farms and are usually limited 
in capacity for cooling waste. 
Moreover, clear water produces 
leaks in the joints of certain types 
of soil pipe. Storm sewer systems 
drain by gravity and generally have 
ample capacity for cooling waste 
needs. The storm sewer systems 
are limited in coverage however, 
and generally serve only the metro- 
politan districts. In the smaller 


localities, storm 
routed in alternate streets. 

To minimize the cost of | 
ing, nearly every municipality 
placed restrictions on cooling 
to the sanitary system, norm 
maximum of 5 gpm for eacl 
tablishment. 
systems are economically inac 
ble, rates up to 15 gpm are 
times permitted to be discharg: 
the gutter. 


sewers are 


by a single sewer system, 
which must be pumped to the 1 
In December of 1937, 


Where storm sey 


The city of Sac 
mento, largest in the area, is serv: 


Sacrament 


passed an ordinance limiting wast 


of cooling water to 1 gpm pet 
of frontage for each establish 
This ordinance is effectively a 


servation ordinance as it definite! 


limits the amount of water 


from the ground, and not return 


for each establishment. Any w 
used over the front foot allow 
must be disposed to a return 


Since inception of the Sacrament 


ordinance, several return wel! 


stallations have been made. Det! 


nite data have not yet been cor 


piled but the results, so far, 
been generally satisfactory. 


is usually supplied from the 120-14 
ft strata and returned to the 65-S 


ft strata. 
been drilled to the depth of 
supply strata (120-140 ft) and 


possibility of mixing the war 


water with the supply may be 


Some return wells ha 


ticeable in the near future. Retu 


wells have proven unsatisfactory) 


the lower valley. In the city 
Fresno, where many disposal 

have been in operation for s 
time, there results a very se! 


rise in the underground water t 


perature over the summer peri’ 

It is evident that the over us 
wells for cooling purposes w!! 
some manner affect the undergr 
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’ 
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supply. There is the possibility of 
ffecting a rise in the water temper- 


C 
ature, creating sufficient suction to 
admit brackish water resulting with 


p llution, or lowering the water 
The latter would produce 
serious economic difficulties and 
might cause considerable damage to 
vegetation and trees that are de- 
pendent upon the water table for 
irrigation. Any of these possible 
results would seriously hazard all 
users of underground water. 


ta ile. 


Effect of Well Water and Climate 


on Design 


Maximum design outdoor tem- 
perature for the area is usually 
taken as 100 deg. The simultaneous 
maximum design wet-bulb tempera- 
ture varies gradually from 72 F in 
the Fresno area down to 67 F in 
Redding at the northern end of the 
valley. A typical mean temperature 
curve for the area is shown in Fig. 
1. The curve is plotted using the 
average of the mean temperatures 
for the months of June, July, and 
August, 1940, recorded at six rep- 
resentative hours of the day and as 
published by the Sacramento 
Weather Bureau. 

The economically available cool 
water and prevailing wet-bulb tem- 
peratures have developed a trend in 
commercial air conditioning to sys- 
tems employing large percentages to 
100 per cent ventilation air. Internal 


latent heat load can often be re 
moved simply by providing sufficient 


ventilation air. Conditioning appa- 
ratus is then required to do sensible 
cooling only, and water cooling may 
be used to the utmost 
advantage. 

Fresh air of 100 per cent is de 
sirable in hotels and office buildings 
to minimize the transfer of odors 
and air-borne bacteria. Often, the 
additional cost for coils and pump- 
ing equipment for all fresh air is 
economically advisable when the cost 
of an adequate return air system is 
considered. In cities that are prin 
cipally agricultural centers and free 
from industrial soot, the filter main 
tenance problem is reduced to a 
minimum when conditioners are lo 
cated on the roofs of buildings. The 
sales advantages of all fresh air are 


economic 


evident. 
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= 7738 8°V:d—for water at 7OF-. 
= internal tvbe diameter 
“7? inches. 


Re 
Jd 


Vi = Weter velocity in feet per sec. 


Fig. 2—Plot of internal tube diameter 
and water velocity for which Reynolds’ 
Number is 2000 











Concordant with the foregoing is 
the tact that the cooling load for the 
conditioning apparatus varies in a 
direct relation with the indoor and 
outdoor temperature difference, 
the outdoor temperature. It follows, 
that for systems employing a consid 
erable proportion of direct water 
cooling, the water requirements vary 
appreciably as the outdoor temper 
ature varies, 

Generally, air conditioning sys 
tems are operated at full capacity 
when cooling is required, i.e¢., as fat 
as direct water cooling is concerned 
When refrigeration is employed for 
further cooling, this part of the sys 
tem is allowed to cycle thermostati 
cally to provide temperature control, 
while the water part of the system is 
operated at maximum flow continu 
ously without regard to cooling re 
quirements. The refrigeration part 
of the 
much less quantity of water than the 


system usually requires a 
maximum design flow for the sys 
tem. Inspection of the mean ten 

perature curve indicates that for th 
greater part of the time that cooling 
is required, the outdoor temperature 
is less than maximum. At such 
times, a less than maximum flow 
should suffice. 

If attention is given to means for 
regulating the flow of cooling wate 
in accordance with load, a very sub 
stantial saving in water 
would result. This is true conserva 
tion, as the main concern is the 


seasonal 
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Fig. 1—Mean temperature curve for the months of June, 


July and August, 1940 


(Plotted from data published by U. S. Department 


of Commerce Weather Bureau, Sacramento, Calif.) 
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Fig. 3—Dry surface water coil characteristics under various 


operating conditions 
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ground over a period of time while 
the hourly or daily maximum de- 
mand is of little importance. 


Water Cooling Under Varying 
Load Conditions 


Fig. 2 is a plot of internal tube 
cliameters as a function of water ve- 
locity for which Reynolds’ Number 
is 2000; when Reynolds’ number is 
2000, or over, flow is turbulent and 
conventional heat transfer laws 
apply. It will be noted that for % 
in. to 34 in. tubes, flow is turbulent 
for water velocities above ™% fps. 
Kconomic coil design for cooling 
with water at temperatures above 
the dew-point of the entering air re- 
quires a water velocity, at design 
maximum flow, in the order of 2.5 
to 4 fps. It follows, that for normal 
application, the water velocity, 1.e. 
flow, may be safely varied from de- 
sign maximum down to 20 per cent 
maximum. 

The curves of Fig. 3 show the per 
cent of design maximum water flow 
necessary to maintain a fixed de- 
livery temperature at various enter- 
ing air temperatures. Design con- 
ditions are 65 F entering water and 
a 5 F approach with entering air 
at 100 F. Curves A, B, and C, are 
for a design water temperature rise 
(hereafter indicated by DWTR) 
of 5 F, 10 F, and 15 F, respectively. 
The well-known formula is used: 

H = U-MTD.-A generally written, 

H = Area * Rows depth X HTF X 

MTD 

where HTF' (heat transfer factor ) 
is expressed in Btu per square foot 
per degree MTD per row. The rate 
of change of HTF with respect to 
flow is nearly constant over a wide 
range of face velocities so the curves 
are typical for a wide choice of phys- 
ical coil dimensions. 

It is interesting to note that Curve 
B (Fig. 3), for a 10 F design water 
temperature rise, is a straight line 
over the operating range, i.e., from 
100 per cent flow to 20 per cent 
flow. Over the operating range, 
the flow drops off faster as the 
DWTR is reduced, and vice versa. 

Curves plotted for a fixed DWTR 
at different values of design ap- 
proach are similar in shape to those 
in Fig 3. In this case, the flow 
drops off faster as the design ap- 
proach is increased. In general, 


1HTF values used in calculating are as pub- 
lished by the Trane Co. for type R and S coils, 
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the variation from the straight line 
relationship will be small so that it 
may be stated that the water re- 
quirements for fixed delivery tem- 
perature are approximately propor- 
tional to the coil loading. 

At this point it is well to note 
that for most conditioning systems,” 
a fixed delivery temperature will at 
least maintain desired indoor to 
outdoor temperature difference. For 
most applications, and neglecting 
latent cooling,® if only 25 per cent 
of the internal load is proportional 
to the indoor and outdoor temper- 
ature difference, a fixed apparatus 
delivery temperature will maintain 
the following indoor to outdoor re- 
lation :* 


Ovurtpoor D. B. : 


{ 





100 80 
95 79 
90 78 
85 | 77 
sO 76 
75 75 


If more than 25 per cent of the 
internal load is proportional to in- 
door and outdoor temperature dif- 
ference, the delivery temperature can 
be raised as the entering air tem- 
perature drops, and result with a 
faster falling off of the flow. 

For systems using extensive 
amounts of water cooling, i.e., de- 
signed for a close approach, and 
operating to furnish continuous air 
delivery with relatively high per- 
centages of ventilation air (75-100 
per cent), little cooling effect is 
gained by maintaining continuous 
water flow without regard to actual 
load, or, outdoor temperature. Sub- 
stantial savings in total water re- 
quirements can be expected by mod- 
ulating the water flow in accordance 
with load requirements. 

The rate at which the coil water 
flow may be varied with respect to 
outdoor temperature is largely de- 
pendent on the percentage of ven- 
tilation air employed, the rate being 
highest at 100 per cent ventilation 
air. 

Another consideration, which ap- 
plies particularly to combination 
water and refrigeration systems, is 
minimum condenser requirements.® 
This would govern the minimum 
2Pertinent to this area. 

‘Loc, Cit. Note 2. 

4HeatinG VENTILATING Air CONDITIONING 
Guipe. 1941, p. 62. 

SIt is assumed, in the light of conservation, 


that the water coil and condenser are series 
connected. 


flow to which the water could 
mally be reduced, and would 
pend chiefly upon the percen: ve. 
of design maximum load attri! 
to direct water cooling and me 
ical refrigeration. For exai 
if the load ratio were 3 to 1 (\ 
to refrigeration) and water co 
was effected at the rate of 2.4 
per ton (10 F DWTR), then if +); 
design water temperature is 65 | 
and minimum condenser req 
ments 1.2 gpm per ton® with 75 | 
water, minimum percentage of max; 
mum flow to which the water cou! 
be reduced would be: 

121 
-- 100 = 16.66 per cent 

24 xX 3 

Fig. 4, Curve A, represents 
total time for which given tempera 
tures above 70 F are exceeded wit 
respect to the total time above 70 | 
expressed as per cent of time abov 
70 F. The curve is based on 
average mean hours of 9:30 a.n 
9:00 p.m. for the period noted (92 
days X 11.5 hours = 1057 hours 
above 70 F). The curve is plotted 
from the mean temperature curv 
(Fig. 1) and rechecked from actual! 
weather bureau records.*? The curv 
is helpful in calculating the total 
water requirements for the period 
70 F is chosen as the base from th 
assumption that when the outdoo: 
temperature is below this value ve: 
tilation alone will supply cooling 
minimum flow only will be required 
With this curve and a system water 
flow characteristic curve (such 
Fig. 3) with a vertical line connect 
ing the curve and the horizontal axis 
at the point of minimum flow, ; 
shown in Fig. 5, the total water 
requirement for modulated flow may 
be estimated. For practical pur 
poses, the curves may be divided 
into increments of A per cent flow 
and A per cent time respectivel) 
A summation of the products of the 
two increments will be the water 
requirement for the period.* 

An example is shown in Figs 
and 6. Fig. 5 is a per cent water 
flow curve for a typical system” as 
noted. Fig. 6 is a graphic check 
on total water requirement by plot 
ting on the mean temperature curve 


~ 





Heatinc, Ventitatinc, Arr Conn 
Guing, 1940, p. 498. 

*For the months of June, July, and August 
1940. 

8Similar to operating cost analysis, Hes 
Ventitatinc, Arr Conpitioninc GulInr, 
pp. 471-472. 

®*Very typical in this area. 


N 
1941 
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and using an arbitrary per cent 
water flow scale. For this example, 
the system operating under modu- 
lated water flow requires but 32 per 
cent of the water required over that 
if the system is operated at con- 
tinuous flow whenever the outdoor 
temperature is above 70 F. 

Curve B of Fig. 4 is per cent of 
time above 70 F for the average 
mean hours of 9:30 a.m. to 6:00 
p.m. and applies to systems that are 
normally shut down at the close of 
the business day. The total operat- 
ing hours for any increment of tem- 
perature above 70 F are found by 
multiplying the corresponding incre- 
ment of per cent time by the total 
number of average mean hours for 
the period. 


Comparison of Well with 
City Water 


Pertinent data on city water for 
the major localities are listed in 
Table 2. For well systems, the 
main temperature is substantially 
constant throughout the year while 
for surface supply systems, the main 
temperature is subject to a rise as 
the summer season progresses.’ 
City wells are carefully engineered 
and distributed so as to draw water 
over a relatively large area. From 
the standpoint of conservation, the 
use of city water 1s preferred to that 
from private wells where water rate, 
temperature, and disposal facilities 
are reasonably favorable. 

The economic balance between 
well and city water is often in the 
direction of the latter when such 
factors as the cost of pumping, cost 
of well and pump, and proper water 
control with respect to cooling load, 
are duly appreciated. 

The effective water rate, ER, cor- 
rected for cost of pumping may be 
written, where AR is the actual rate 
and rates are expressed in cost per 
1000 gal"! : 


head in feet * 0.00315 & C 
ER — AR — 





pump eff. < motor eff. 
where C is cost of power per KWH. 

If modulated water flow with. re- 
spect to load conditions is accom- 
plished (as in examples of Figs. 5 
and 6) the effective rate can be 


“These points are substantiated in the De- 
partment of Commerce reports Market Re- 
search Series, Nos. 16, 17 for 1987 and 1938. 
Sacramento water main temperature does not 
agtee with that published in the Heatinc, Ven- 
TILATING, Arr ConpiTioninc GutpE, 1941, 
Chapter 26, 

"Cameron Hydraulic Data, 9th Edition. 





further reduced to values as low as 
25 per cent of the actual rate, when 
compared to continuous maximum 
flow as would normally be the case 
for a well and pump installation. 
Example: Fig. 5 is a water flow-out- 
door temperature curve for a typical sys- 
tem with the following conditions: 100 
per cent fresh air to be cooled at maxi- 
mum design outdoor temperature of 
100 F air to 60 F and to maintain a cor- 
responding indoor temperature of 80 F. 
Water cooling effects 75 
maximum load, i.e., from 100 F to 70 F 
using 2.4 gpm per ton. Air is then 
cooled at maximum load from 70 F to 
60 F by refrigeration requiring 1.8 gpm 
per ton, or 25 per cent of maximum flow. 


per cent of 


Fifty per cent of the internal load is pro- 
portional to indoor-outdoor temperature 
difference and an assumption is made that 
the refrigeration part of the system will 
effect 10 F cooling at all operating condi- 
tions, the resultant air schedule 


| Ose | 


OvuTpoor|INDooR| Water | EnTerinc Per Cent 
D. B. D.B Cots Ai | FLow 
100 | 80 | 70 60 100 
95 79 | 71 61 73 
90 78 | 72 62 45 
85 7 73 63 25 
80 76 74 | 64 25 
75 75 7% ~C«& 65 25 


Latent cooling load is neglected, or assumed 
to be absorbed by the refrigeration part of the 
system. 


It can be seen that for temperatures 
below 85 F, 25 per cent flow is sufficient 
water. From the per cent of time curve 
(Fig. 4, Curve A) the outdoor tempera- 
ture is at or below 85 F for 57.5 per cent 
of the total time above 70 F. Total time 


flow for this period 
thf). 


ure, compared to total time flow if the 
water were operated at maximum flow at 
total time above 70 F (100 per cent flow 
100 per cent time 10,000) shows 
that the system requires but 38.8 pet 
cent of the total water. Using smalle: 
increments in temperature above 85 | 
would show a greater saving due to the 
abrupt rise in the per cent of time curve 
at higher outdoor temperatures. 
Example: Fig. 6 is a graphic check on 
the described system; by plotting values 
of per cent flow at given outdoor ten 
peratures on the mean temperature curve 
(Fig. 1), an arbitrary per cent flow scale 
is set up on the vertical axis. The large 
lined area (lined 30 F to left) repre 
sents the total time-flow if maximum flow 
were continuous at all time above 70 F as 
previously described; 100 per cent flow 
times average mean time of 11.5 hours 
(9:30 a.m. to 9:00 p.m.) or a dimension 
less quantity of 1150. The smaller lined 
area (lined 30 F to right) is the time 
flow for the system when flow is modu 
lated. If the small hump above the 
per cent flow line is assumed to be a sin 
curve, the area is easily integrated and 
becomes (2/pi) times the maximun 
height (25 per cent flow) times the bas: 
This added to 
25 per cent flow for 11.5 hours gives a 
total time flow of 375. Compared to 1150 
the total water requirement when th: 


(5.5 mean hours) or 87. 


system is modulated is 33 per cent as 
compared to 38.8 per cent indicated 
Example for Fig. 5 


Mechanical Methods for Control 


The mechanical problem involved 
for modulating water flow in accord 
ance with load requirements is one 





is then 25 per cent 0 
flow X 57.5 per 

cent time, or a di- 

mensionless value 

of 1437. (Minimum 

flow at times when /00~1 
the outdoor tem- 
perature is below 
70 F is neglected). 
The other 42.5 per 
cent of the total 
time, the outdoor 
temperature is be- 
tween 85 F and 
100 F. For ap- 
proximation, both 
curves are assumed 
to be straight lines 
and the average 
flow for this range 
is 57.5 per cent, 


OUT O0OR TEMPERATURE 














70 


and total time-flow ae 


Ga xs Gs = 
2444. Total time 
flow for period is 
then 2444 plus 1437 
or 3881. This fig- 
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PERCENT OF TIME 


Fig. 4—Total per cent of time at temperatures above 70 F for 
months of June, July, and August, 1940, Sacramento, Calif. 


Curve A. Based on average mean daily period from 9:30 a.m. to 9:00 p.m 
Curve B,. Based on average mean daily period from 9:30 a.m. to 6:00 ¢ 
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of providing a suitable motor oper- 
ated water valve having a modulat- 
ing or proportioning type of motor 
operator inter-connected to an ex- 
pedient thermostatic controller. The 
controller element can be located in 
the air stream leaving the coil and 
the circuit arranged so that the valve 
will throttle to positions that will 
admit just sufficient water necessary 
to maintain the desired leaving air 
temperature, or the controller ele- 
ment can be of the differential type 
and located in the air stream enter- 
ing coil with the circuit arranged so 
that the valve will operate from the 
minimum open to fully open position 
entering air temperature 
varies from design minimum to 
maximum, and vice versa. Com- 
pensated control can be included to 
provide nearly any desired leaving- 
entering air temperature schedule. 
Attention must be given to the 
valve port design, pressure drop at 
various positions, etc., so that the 
characteristics are suitable to the 


as the 


pressure variations in the water 
supply and cooling apparatus. If 
a pump is used for the source of 
supply, it must have characteristics 
suitable for operation over the re- 
quired variations in discharge pres- 
sure, non-overloading. The prob- 
lems are many and not discussed 
here; however, various types and 
makes of control equipment that will 
perform the required functions are 
commercially available. 


Legislative Methods for Control 


Limiting waste of cooling water to 
sewers is seemingly an effective 
method for controlling the under- 
ground supply within city limits, 
i.e. for an area supplied with a mu- 
nicipal sewer system. Like the 
Sacramento ordinance, division of 
limitation on a front of footage basis 
is deemed fair to all as to a certain 
extent average building size, rela- 
tive taxation returns, etc., are taken 
into account. 

There are, of course, many build- 


Table 2—Source of City Water Supply 


(Temperature at Supply 





Average Maximum Water Temperature in Mains and Approxi- 
mate Commercial Rate for Principal Municipalities in the Area) 


yo 


ings with a small front footag: 
volume or cooling load ratio. |; 
such where the allowab! 
disposal rate is insufficient for coo! 
ing needs, other heat removal cd 
vices such as return wells, cooling 
towers, or evaporative condensers 
are required. It is suggested 
disposal might be limited on 
square foot of property 
developed property taxation basis 
these bases would tend to effect 
better balance and allow greate 
disposal for the larger buildings, : 
so dependent on a single fact 
such as front footage. 

Another suggestion would b 
limit disposal on a basis using either 
footage or taxation, with considera 
tion for rate over.a period of time 
that is, limitation on an averagt 
hourly basis so that, with proper 
water control, greater quantities 
could be used at the hottest hours 
while the average over a period o! 
time would be within reasonabl 
limits. This would be true conse: 
vation from a supply water stand 
point’? and minimize the necessity 
for return wells. [lowever, sew 
capacity would become a deciding 
factor as all maximum flows fron 
cooling systems would occur at th 
same time. 


cases, 


basis 


In some localities, legislation g 
erning the installation of retur 
wells may be required to preven! 
mixing between the supply and 


City Source TEMPERATURE MAIN TEMPERATURE |RATE PER 1008 cU FT 
Modesto Wells 68 69 $0 076 
Stockton Wells 69 | 70 $0 075 
Lodi Wells 66 67 $0 .050 
Sacramento Surface> 72-77 $0 080 
Marysville Vells | 66.5 67: $0 .075 
Gridley Wells 66.5 67 $0 075 
Chico Wells OA 64 $0 071 

' 





*Rate is expressed in cost per 100 cu ft and the average for a monthly consumption of 180,000 
gal. The cost of the first 2000 cu ft is not included and considered normal domestic consumption. 

Sacramento is supplied by water from the Sacramento River which is subject to a wide variation 
in temperature throughout the year. 

“Applies also to Yuba City. 


turn strata, rise in well water tem 
perature. Specifications as to dey 


%See second page of this paper, last 
graph. 
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ng material, etc., can be included 
:dinances granting permission 
lig wells under city sidewalks. 
(he possible increase in first cost, 
and/or operating cost that is ef- 
fected for systems where restricting 
ordinances are enforced is in the 
true sense a small item compared 
to the probable results of allowing 
every commercial establishment to 
draw unlimited quantities of well 
water continuously. 


Ud> 


in 


to 


Conclusions 


The growth of air conditioning in 
the upper central and northern part 
of California presents problems to 
municipalities concerning the use 
and waste of cooling water. Means 
for regulation are desired for the 
protection of the underground sup- 
ply, particularly in commercial areas, 

Climatic conditions are such that 
a large percentage of the heat to be 
removed from buildings is in the 
form of sensible heat. The available 
cool water is used directly for cool- 
ing to a decided economic advan- 
tage and makes possible the use of 
high percentages of ventilation air. 

The water rate for the cooling 
apparatus can be regulated in pro- 
portion to cooling load with the re- 
sult of a substantial saving in total 
water required for the summer 
season. True conservation is then 
accomplished and in many cases the 
use of city water is warranted. 

An effective method for control- 
ling the underground supply in city 
areas is by providing ordinances 
limiting the rate of disposal to 
sewers. Limitation on a foot of 
frontage basis is used but other 
methods are suggested and require 
further study to provide ordinances 
which more equally distribute the 
use of water in accordance with 
cooling needs. Ordinances govern- 
ing the use of disposal wells may be 
required in the near future. 

The problems are different for 
each community and necessitate a 
comprehensive survey of the under- 
ground supply, city water facilities, 
disposal facilities, etc., to secure an 
ordinance which is best suited and 
fair to all. 
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ST. LOUIS HOST TO 
DR. GIESECKE 

March 4, 10941. The regular 
monthly meeting of the St. Louis 
Chapter was held at the David Ran 
ken School and 80 members and 
guests attended. Following the 
reading of the minutes of the pre 
vious meeting, R. M. Rosebrough 
reported for the membership com 
mittee. 

J. H. Carter, chairman of the 
program committee, announced that 
J. R. Vernon, Chicago, would be the 
speaker at the April meeting. 

Pres. C. E. Hartwein, who pre- 
sided at the meeting, then brought 
up the matter of a nominating com- 
mittee for the Chapter election of 
officers to take place at the annual 
meeting of the Chapter, and the fol 
lowing were duly appointed mem 
bers: Messrs. W. J]. Oonk, G. W. 
F, Myers, E. E. Carlson, G. B. 
Rodenheiser, and R. J. Tenkonohy, 
the latter being selected as chairman. 
Messrs. L. R. Szombathy and M. F. 
Carlock were appointed by President 
Hartwein as Tellers of Election. 

The secretary then read a press 
release sent to the Chapter from the 
Federal Government concerning a 
number of openings for technolo- 
gists. 

After a brief recess, the technical 
session convened in the auditorium 
of the School, at which time Wil- 
liam Goodman, consulting engineer 
of The Trane Co., La Crosse, Wis., 
presented a most interesting and 
informative discussion on the sub- 


ject of psychrometry. After discus 
sion of the subject, the meeting 
adjourned. 

February 6, 1941. The February 
meeting of the St. Louis Chapter 
was held at the Kingsway Hotel, 
with an attendance of 50 members 
and guests, including 14 ladies 

After a report on membership the 
treasurer submitted his report, fol 
lowed by an announcement from the 
chairman of the program committee, 
who gave details of the March meet 
ing. 

Dr. and Mrs. F. E. Giesecke wer 
the honored guests of the evening 
and were then presented by Presi 
dent Hartwein. Dr. Giesecke spok« 
briefly, thanking the Chapter for its 
hospitality and for the lovely flow 
ers sent to Mrs. Giesecke 

At this time the supper meeting 
adjourned, and reconvened at the 
Engineers’ Club, where a joint meet 
ing was conducted with members of 
other engineering societies ey 
Giesecke gave an interesting talk 
on Radiant Heating and Cooling, 
which was well received by his 
audience and caused considerabl 
discussion. 


ASHVE MEMBERS HONORED 

W. H. Carrier, Chairman of th 
soard of Carrier Corp., Syracuse 
N. Y., and R. M. Conner, Clev 
land, )., director of the Testing 
Laboratories of the American Gas 
Association, were the recipients of 
medals awarded by the Franklin In 
stitute, Philadelphia, Pa., at cer 


momies at the Institute on May 2] 
Dr. Carrier received the first 
Frank P. Brown Medal for im 


provements in the building and al 


lied industries, and was selected for 
this honor because of his pioneer 
work in the creation and develop 
ment of air conditioning. 

Mr. Conner’s award was for his 


services to the gas illumination, heat 


and power industry. 





son Medal is awarded in 


tilating or air conditioning.” 





F. Paul Anderson Medal 


The custom of recognizing special achievement by suitable award 
prevails in most technical and scientific societies, The F. Paul Ander 
recognition of notable scientific achieve 
ment or outstanding services performed in the field of heating, ven 
Members of the AMERICAN SOCIETY 
oF HEATING AND VENTILATING ENGINEERS are requested to send 
nominations to Council for this important award. 

E. O. Eastwoop, Chairman. 
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Thermal Conductivity of Wood 


NFORMATION on the ther- 

mal conductivity of wood and 

the influence of the more impor- 
tant variables affecting this prop- 
erty is of special interest from the 
standpoint of building insulation, 
the use of wood in connection with 
refrigeration, and in many other 
fields where the resistance of wood 
to heat transfer is a major consid- 
eration. This information is also of 
interest for comparing the thermal 
insulating properties of the differ- 
ent species of woods and for com- 
paring wood with other insulating 
materials. 

Previous studies on the heat con- 
ductivity of wood have been com- 
paratively limited in extent from the 
standpoint of the number of species 
tested, variations in density within 
the same species, and the number of 
tests made on any given wood. Fur- 
thermore, the earlier experiments 
have been chiefly confined to wood 
having a relatively small moisture 
range. Often such investigations 
have been incidental to experiments 
on insulating products and fabri- 
cated structures such as wall sec- 
tions. 

The heat conductivity of wood is 
dependent on a number of factors 
of varying degrees of importance. 
Some of the more significant vari- 
ables affecting the rate of heat flow 
in wood are the following: (1) 
density of the wood; (2) moisture 
content of the wood; (3) direction 
of heat flow with respect to the 
grain; (4) kind, quantity, and dis- 
tribution of extractives or chemical 
substances in the wood, such as 
gums, tannins, or oils; (5) relative 
density of springwood and summer- 
wood; (6) proportion of spring- 
wood and stummerwood in_ the 
timber; (7) defects, like checks, 
knots, and cross grain structure. 

The purpose of this paper is to 
report and discuss the results of a 
large number of heat conductivity 
experiments that have been made 
during the last 5 years at the Forest 


*Senior Engineer, Forest Products Labora- 
tery, Forest Service, U. Department of 
Agriculture, Madison, Wis. 

For presentation at the Semi-Annual Meet- 
ing of the American Society or HEATING 
AND VENTILATING Encineers, San Francisco, 
Calif., June, 1941. 
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By J. D. MacLean," Madison, Wis. 


Products Laboratory} to determine 
the influence of some of the more 
important variables on thermal con- 
ductivity. 

Preparation and _ Selection of 
Specimens: Specimens used in 
these experiments were selected 
from 32 species of wood, comprising 
both softwoods and hardwoods. A 
special effort was made to select 
specimens having different densi- 
ties and different amounts of mois- 
ture within each species. Experi- 
ments were made on a number of 
species with the moisture content 
ranging from 0 (oven-dry) to that 
of wood in the green condition. 

Two specimens were, of course, 
used in each run, each pair being 
matched as closely as possible by 
cutting them from the same board. 
The desired initial moisture content 
was obtained by storing the speci- 
mens at suitable constant tempera- 
ture and humidity until they reached 
constant weight. 

After the specimens reached con- 
stant weight in the conditioning 
room or oven, they were run 
through a planer and then cut to 
the required size and placed in test 
as quickly as possible, in order to 
avoid any appreciable change in 
moisture content. Care was taken 
to select specimens that were prac- 
tically free from knots, checks, and 
other defects except in several runs 
that were made to investigate the 
influence of such defects. 

The specimens were cut to di- 
mensions of approximately 13% 
13% in. and the thickness generally 
ranged from about % to %4 in. 
Thickness measurements were made 
with a micrometer to 0.001 in. Sur- 
face measurements (length and 
breadth) were made to the nearest 
1/32 in. 

A few specimens from species 
such as the southern pines, aspen, 
bald cypress, Engelmann spruce, 
and some of the oaks and maples, 
had a considerable amount of both 
sapwood and heartwood. The speci- 
mens of Douglas-fir, yellow birch, 
western red cedar, western larch, 
western hemlock, redwood, tanguile, 


tion with the University of Wisconsin. 


+Maintained at Madison, Wis., in coopera- 


prime vera, and white pine wer 
heartwood and the specimens 
the other species were pred 
nantly heartwood. 

Many of the Douglas-fir s; 
mens were cut from large dian. 
logs which made it possible t 
tain specimens with small 
curvature. Several runs were tly 
fore made on specimens of this 
cies to compare the conductivity 
the radial and tangential direction: 

Test specimens of most of the 
other woods were cut from timbers 
of moderate diameter so that th: 
rection of heat flow was partl) 
dial and partly tangential. TT) 
combination of heat flow in th 
dial and tangential directions is, oj 
course, more common in structural 
lumber than heat flow in either the 
radial or tangential direction alo: 
A few tests were also made to stud) 
the rate of heat flow in the longi 
tudinal direction. These runs wer 
made on Coast Douglas-fir and red 
oak. 

Conditions of Test: 
the experiments the specimens we: 
kept under test for about 24 hours 
to allow the redistribution of mois 
ture to take place and to make sure 
that constant temperature conditi 
were established. In a number 
runs, the tests were continued 
several days to observe the effect o1 
moisture distribution and to find 
whether the conductivity was appre 
ciably changed during the long 
period of test. In the latter run: 
the conductivity was determined 
different time intervals varyin; 
from 24 to 48 hours during th 
period of test. In general, instru 
ment readings for computation 
conductivity were taken at frequen 
intervals for a period of about 
hour or more and the results wer 
averaged. No data were taken until 
the readings showed that constant 
conditions had been obtained. 

Check runs were made at various 
times by letting the specimens coo! 
to the same temperature on 
sides without removing the 
panels from the apparatus. The /o! 
plate was then heated again and |! 
conductivity test was repeated. |! 


In most 
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these check runs the conductivity 
determined in the two cases was 
usually within about 1 per cent 
variation. 

Most of the experiments were 
made with temperature differences 
of 40 to 60 F between the hot and 
cold plate surfaces. In some runs 
the conductivity was first deter- 
mined with a temperature difference 
ranging between 40 and 60 F, and 
following this the hot plate tempera- 
ture was raised to give a gpl 
ture difference of 80 to 90 F 
investigate whether higher tld 
ture differences (temperature of hot 
plate minus temperature of cold 
plate side) would make any impor- 
tant change in the conductivity. In 
most of the runs the temperature 
difference between the two faces of 
the specimens was about 53 F and 
the average temperature of the 
specimens (average temperature of 
hot plate and cold plate surfaces) 
was about 85 F. 

In this paper the moisture con- 
tent M is based on oven-dry weight 


W—D 
=({ — —) 100, 
D 


where IV is the original weight and 
D is the weight after oven drying. 
The specific gravity S was always 
based on the oven-dry weight and 
the volume at current moisture con- 
tent. In this case the oven-dry 
weight was taken as the original 
weight of the specimen divided by 


M 
ve ) 
100 


where M is the percentage of mois- 
ture. On this basis the specific 


gravity 
| (Ww) 
[or 
100 


) 


(100+ M) (We) 

where W is the original weight of a 
unit volume of the wood at moisture 
content M, and W’, is the weight of 
an equal volume of water. For ex- 
ample, if W is in pounds per cubic 
foot, Wy, is taken as 62.4 Ib, the 
weight of 1 cu ft of water at max- 
imum density. 

Studies of the effect on moisture 
distribution caused by the difference 
in temperature between the hot and 
cold plate sides of the specimens 
were made. These tests comprised 
about 75 runs of different species 
having different amounts of water 


in the wood. The effect on moisture 
distribution when the wood was 
kept under test for various periods 
of time was also studied. In these 
experiments the following procedure 
was used in finding the moisture at 
different distances from the surface 
of the specimens. Immediately after 
test, a strip ag Y% to 4% in. wide 
and 2 or 3 in. long was cut from 
the central sheilen of each speci- 
men and thin slices about % in. or 
less in thickness were cut from this 
strip with a mounted slicing knife. 
The slices were cut parallel with 
the faces of the test sections. Since 
the slices were very thin and not 
smooth enough for accurate meas 
urement of thickness, the average 
effective thickness was determined 
from the proportion of the oven-dry 
weight of the specimen to the total 
oven-dry weight of all the sliced sec- 
tions. The average moisture con 
tent was determined from moisture 
sections cut near the pieces which 
were prepared for slicing. 

In engineering practice the con- 
ductivity K is commonly taken as 
the Btu that flow in 1 hour through 
1 in. thickness of material 1 sq ft 
in area, when the temperature dif 
ference between the two surfaces is 
1 F. This is the value of A shown 
for these tests and was computed 
from the formula: 

U x 
A 
(T T:) A @ 

In this expression Q represents 
the quantity of heat expressed in 
Btu. 

x — the thickness of the test panels 
in inches. 

T;, = the temperature on the hot plate 

side in degrees Fahrenheit. 

T: = the temperature on the cold plate 

side in degrees Fahrenheit 
A=the area (expressed in square 
feet) through which the meas- 
ured quantity of heat passes. 
@ = the time in hours 


Table 1 presents a summary of 
the data obtained from 84 con 
ductivity tests made on oven-dry 
specimens of 18 different species. 
The results of the tests on oven-dry 
wood showed that the conductivity 
was, in general, directly propor- 
tional to the specific gravity, over 
the range for the woods tested, 
shown in Fig. 1. The plotted data 
in this curve were averaged for each 
0.1 difference in specific gravity and 
the figures opposite the respective 
points show the number of runs in 
each of these group averages. The 
equation of the line in Fig. 1, show- 
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ing the relation of conductivity A 
and specific gravity S for oven-dry 
wood, 1 

A 1.398 +- 0.165 (1 
This may also” be written, A 
1.5038 + 0.00165P. where P is the 
percentage of air space and equals 
100 (1 0.0858). The constant 
0.685 is the specific volume of oven 
dry wood substance as determined 
in helium gas. 

It may be noted that the straigh 
line drawn through the sletead 
points in Fig. 1 passes through the 
point where the specific gravity S 
is zero and the conductivity K is 
0.165. This value is the approxi 
mate conductivity of air at the aver 
age temperature of the test 
specimens. Fig. 2 shows the aver 
age computed conductivity values, 
using Equation (1), for each 0.1 
difference in conductivity, plotted 
against the corresponding averages 
of the data determined in the ex 
periments. The computed values of 
conductivity are indicated as K, in 
the tables. If the computed and 
test values were identical, the points 
would, of course, fall on a 45 deg 
line passing through 0. The close 
agreement of the computed and test 
values is shown by the fact that 
most of the plotted points fall on 
or very close to the 45 deg line 

The oak and maple specimens used 
in these runs contained a consider 
able proportion of sapwood with the 
exception of three runs that were 
made on all heartwood red oak. In 
these three runs on heartwood the 
computed conductivity averaged 
about 0.12 below the test values 
This indicates that possibly chem 
ical substances, such as tannin, in 
creased the heartwood conductivity 
The addition of 0.12 to the com 
puted value for each of these thre 
runs brings the last point plotted on 
Fig. 2 practically on the 45 deg line 
as is shown by the circle 

Species tested in the oven-dry con 
dition had specific gravity values 
ranging from 0.11 to 0.76. Because 
of the cellular structure of wood, the 
relation between specific gravity and 
conductivity would theoretically be 
represented by a line gradually cury 
ing upward, assuming that the 
conductivity of wood substance is 
reasonably constant and the cell 
structure fairly uniform. The straight 
line, however, is a very close approxi 


mation for the range of specifi 
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Table 1—Summary of Data from Conductivity Tests on Oven-Dry Wood 
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SPECIES 


Aspen, bigtooth (Populus grandidentata). | 
Baldcypress (Taxodium distichum). 
Balsa (Ochromia sp.) 

Basswood, American (Tilia glabra) 
Douglas-fir (Pseudotsuga taxifolia) 
Elm, rock (Ulmus thomasii) 

Fir, white (Abies sp.) 

Hemlock, western (I'suga heterophylla 
Larch, western (Larix occidentalis). 
Maple, sugar (Acer saccharum). 

Oak, red (Quercus sp.) 

Pine, southern yellow (Pinus sp. 

Pine, white (Pinus sp.) 

Prima vera (Tabebuia bonnell-smithui) 
Redcedar, western (Thuja plicata) 
Redwood (Sequoia sempervirens) 
Spruce, Engelmann (Picea engelmannii) 
Tanguile (Shorea polysperma) 





_ 
ee DOK ONC to Ne Orc 


4K is conductivity computed from the equati 


gravity values between 0 and 0.75. 
This range of specific gravity, based 
on oven-dry weight and volume 
when oven- -dry, includes all the na- 
tive softwoods and practically all the 
commonly used native hardwoods. 
Table 2 shows data obtained 
385 tests on specimens of 32 differ- 
ent woods having varying amounts 
of water up to the fiber saturation 
point. In addition, data for 20 runs 
made on green specimens of 6 dif- 
ferent species are shown in Table 
The formulae for determining the 
computed conductivities shown in 


No. oF | AVERAGE 
RUNS IN \Speciric | 
AVERAGE GRAVITY) 


] 





AveRAGE | AVERAGE 
RANGE OF Conpuctivity | COMPUTED 
Speciric | From Tsst ConDucTIVITY® 
GRAVITY = K = Ki 
} 
0.41 0.40 to 0 42 | 0.71 0.73 
| 0.39 0 .36 to 0.44 | 0.75 | 0.71 
0.16 0.11 to 0.21 | 0.41 | 0.38 
0.38 0.35 to 0.41 0.69 0.70 
| 0 46 0.37 to 0.49 0.76 0.80 
| 0.76 _—- 1.16 1.22 
0.41 0.40 to 0 42 | 0.71 | 0.74 
0.46 0 .44 to 0.49 | 0.79 0.81 
0.57 0.52 to 0.61 0.94 0.95 
0.68 0 .66 to 0.70 | 1.13 | 1.11 
0.67 0.60 to 0.70 1.19 1.09 
0.56 | 0.52to 0.64 0.94 0.94 
0.40 | 0.34to 0.45 0.72 i 0.72 
0.47 | — | 0.82 0.82 
0.34 | 0.34to 0.35 0.64 0.64 
0.40 | 0.32to 0.51 0.74 0.72 
0.34 0.31 to 0.40 | 0.62 0.64 
0.58 0 .57 to 0.59 1.00 0.97 


mA 1.398 + 0.165 


these tables are discussed under 
heading Computation of Conductiv- 
ity. 

Changes in Moisture Distribu- 
tion: Studies of the moisture dis 
tribution after test showed that, 
although the moisture distribution 
was approximately uniform before 
test, there were often marked in 
creases in the moisture content of 
the wood near the cold plate during 
the test period. These variations in 
moisture distribution are no doubt 
due to differences in vapor pressure 
produced by the differences in tem 

perature. Their 
range was appa- 











PER CENT DIFFERENCE 
VARIATION BETWEEN 
(Ki—K ) (100 Ki and A REMARKS 
-- (Ki-—-K ) 
K 
+2.8 +0 .02 |Heartwood & say 
—5 .3 0.04 Mostly heartw 
-7 .3 —O0 03 i 
+1.4 +0.01 Heartwood & say 
+53 | +0 04 Heartwood 
+5 .2 +0 06 | Heartwood &s ip 
+4 .2 +0 .03 | Heartwood 
+2.5 +0 02 | Heartwood 
+1.1 ; +0.01 Heartwood 
1.8 | —0.02 Heartwood & say 
—s§.4 | —) 10 |Heartwood & Say 
0.0 0.00 |Heartwood & sa; 
0.0 0.00 | Mostly heartw 
0.0 0.00 | Heartwo: rd 
0.0 0.00 Heartwood 
2.7 —) O02 Heartwood 
+3 .2 +0 .02 Mostly heartw 
3.0 0.03 Heartwood 


mainly by the original amount 
water in the wood and the mag 
tude of the differences in temp: 
ture between the specimen fa 
The rate at which equilibrium \ 
approached was probably affected | 
a certain extent by the thickness a: 
species. 

Table 4 gives data on the m 
ture content of thin slices of wo 
about 0.07 to 0.15 in. thick tak 
from the warm and the cold sid 
respectively, of a considerable nu 
ber of test specimens of different 
woods having various amounts 
moisture. These are only part 
the total runs made to study moi 
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Fig. 1—Relation between conductivity determined in 
experiments on oven-dry wood, and specific gravity of 


specimens tested 
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0.6 


5 
SPECIFIC GRAVITY (S) 


0.7 08 0.9 10 


in average. 


average conductivity determined in tests on oven-dry 


wood 


(Figures opposite points show number of runs 
Data are averaged for each 0.10 
difference in experimental conductivity factors. 
Circle shows position of last point when the 
computed values (Ki) for the three runs 


on heartwood of red oak had 0.12 added). 
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e the average values for the two 
specimens used in each run. Figs. 
and 4 show representative mois- 
ure distribution curves for some of 
‘hese runs. The data for each curve 
were obtained by slicing a cross sec- 
sion and determining the moisture 
content of each slice as previously 
explained. The results of tests not 
shown in Table 4 indicate that, 
when the average moisture content 
was about 10 per cent or less, the 
change in moisture distribution was 
comparatively small. 

When the initial moisture content 
was about that of thoroughly air- 
seasoned wood (12 to 15 per cent) 
a large part of the redistribution of 


4 and is also shown by the moisture 
distribution curves for different 
periods of test. A few representa- 
tive curves are given in Fig. 3. (See 
runs 90, 93, 99 and 100.) This 
early redistribution somewhat 
obscured for some of the runs listed 
in Table 4 because the thickness of 
the slices from near the surfaces was 


1S 


more or less variable. The thinner 
slices would obviously show a 
higher moisture content near the 


cold surface and a lower moisture 
content near the hot-plate surface 
because the moisture content 
is the average for the slice as taken 
In addition, the wood in some speci 
mens was more resistant to 


given 


mois 


a given time interval will naturally 


show a certain amount of variability 


for different species and also to 
some extent within the same spe 
cies, 


When the initial moisture content 


was about 15 per cent or higher, it 
was noted after test that the wood 
surface in contact with the cold 
plate was often damp or wet 
whereas that near the hot-plate sid 
was at a moisture content ranging 
from about 7 to 12 per cent. Un 
der such conditions some moistur¢ 
naturally adhered to the metal su 
face of the cold plate. This amount 


of moisture was probably small but 


could not be determined 
































moisture usually occurred during ture movement than it was in oth Only a comparatively small 
the first 24 hours of test. This may ers. Since this would affect the change in moisture distribution ox 
be noted to be the general case from rate of moisture movement, the curred in a run on Douglas-fir 
an examination of the data in Table curves of moisture distribution for specimens that had an average 
Table 2—Summary of Data from Conductivity Tests on Specimens Having Various Amounts 
of Moisture Up to Fiber Saturation Point 
wees = cor ®t ae | | wie - 3 
| | RANGE oF | AVERAGE AVERAGE Per cent! Dirrer- 
No. oF |AVERAGE| RANGE oF | AveraGe | Mortsture | Conpuct-| Compurep® | VARIATION ENCE 
SPECIES Runs IN |Spectrtc | Speciric | Per cent, CONTENT [Ivity From| ConpucTIV K BETWEEN REMARK 
AveraGce| Gravity; Gravity | Morsture| Per cent | Test kK ITY (100) Ki and K 
K Ki-K) 
Ash, white (Praxinus americana) . + ae 0 .55-0 . 57) 15.6 12.1-17 .2 1.21 1.19 4 7 0 02 Mostly heartw 
Aspen, bigtooth (Populus | 
‘qrandidentata) 10 | O41 | 0 38-0 47 12.1 9 6-16 4 0 82 0 88 | 4 73 +0 06 Heartw & sapw 
Baldcypress (Taxodium distichum) 30 0.38 0 .30-0 48 11.7 7.1-15 0 0.86 0.83 — 3.5 0.03 Mostly heartw | 
Balsa (Ochroma sp.) 6 | 0.17 | 0.10-0.21) 8.0 3.2-10 4 0 47 0 44 -~64 0 03 ; 
Basswood, American (Tilia glabra) | 20 | 0 37 0 33-0 41) 93 3.8-11.5 0.74 0.77 | + 4.1 +0 03 Heartwood & 
Birch, yellow (Betula lutea). 11 0 64 0 62-0 66) 10 8 6 8-11 7 1.19 1.24 42 +0 O05 Heartwood 
Douglas-fir (Pseudotsuga taxifolia ) 52 | 0.46 041-0 51 ik 4 | 7.2-33.2 0.97 1.03 . § 2 0 06 Heartwood 
Elm, rock (Ulmus thomasii) i) 065 | 0 590 69 17.9 12.1-31 2 1.34 1.38 3.0 +0 04 Heartwood & say ] 
Greenheart wramtee gomsen) 4 0.85 | 0.840 87 18.4 16 5-19 9 1.90 1.79 5 8 0.11 Heartwood 
Hemlock, western (Tsuga 
heterophylla) 5 | 044 | 042-046) 23.0 | 13.0-30.0 0.95 1.05 10.5 0.10 |Heartwood 
Larch, western (Larix occidentalis) 13 |; 046 | 0.39-0 64 12.6 11 2-13 .4 0.97 0.98 1.0 +001 Heartwood 
Maple, sugar (Acer saccharum) 27 0 66 0 62-0 72) 11.7 5 .2-27 8 1.40 1.31 64 0.09 Heartwood & sapw 
Oak, red (Quercus sp.) 12 0.62 | 0.57-0.70 12.4 65-19 4 1.35 1.23 8.9 0.12 Heartwood & sapwood 
Oak, white (Quercus sp.) 18 062 | 055-0 74 11.1 5 4-201 1.37 1.23 —10.2 0.14 Heartwood & sapw 
Pine, southern yellow (Pinus sp.) 59 0.53 0 .43-0.71) 13.8 5 .2-23 8 1.12 1.11 0.9 —) Ol Heartwood & sapw 
Pine, white iriaue sp.) 20 0.36 0 32-0) 41 98 48-17 .9 0.77 0.76 — 13 0 01 Mostly heartwood 
Prima vera (Tabebuia bonnell- | 
smithii) Q 0 46 0 43-0 48 97 1.4-14.7 0.95 0.93 |— 2.1 | 0 02 Heartwood 
Redcedar, western (Thuja plicata) 16 | 0.32 | 0.29-0.37) 13.3 | 10.2-20.4 0.69 0.73 +58 | +0.04 Heartwood 
Redwood (Sequoia sempervirens) 15 | 0.39 0 30-0 .48) RY | 6.8-12.7 0.82 0.83 + 1.2 +001 Heartwood 
Spruce, Engelmann (Picea 
gente <7 : 12 | 0.35 0 29-0 39 13.0 12 6-13 2 0.76 0.77 i+ 33 | 40.01 Heartwood & sapw 
Tanguile (Shorea polysperma) 6 0.54 0 .53-0 .56 10.6 6.0-14.2 1.05 1.08 | +29 | +0.03 Heartwood 
| } | = 
Species From Wuicu MATERIAL FoR ONLY OnE on Two Runs Was AVAILABLE 
Sienetipanneoanrapinemeee —— — scien inienebienefienangpetsleminetemmna - : ies 
Beech, American (Fagus grandifolia) 1 | 0.59 11.1 —-- 1.17 1.17 0.0 0.00 Heartwood 
Blackgum (Nyssa sylvatica). | 1 | 0 46 10.0 - 1.00 0.93 7.0 0 07 Heartwood & 
Cherry, black (Prunus serotina) 1 | 0.68 —-- 1.21 1.26 } l +0 .05 Heartwood 
Ches t. TIC (Cz . P 
ee oe 1 0.42 oe 11.0 | — 0 88 0 88 00 0.00 Heartwood 
Elm, American (Ulmus americana) .| 1 | 0.54 - 94 - 0.98 1.06 8.2 0.08 Heartwood 
fo white (Abies sp.) 2 0.38 0 .37-0 .38 11.7 | 10.8-12.0 0.78 0 81 3.8 +0 .03 Heartwood 
mniper, bigberry (Juniperus 
utahensis) 1 0 44 —_— 16.0 1.13 0 97 14.2 0.16 Heartwood & sapw 
Maple, silver (Acer saccharinum) | 1 0.47 -—-— 99 1.07 0.95 11.2 0.12 Heart | 
—— ae pecan) .. ve] 1 | 0.67 — | 10.0 1.38 1.28 -7.2 0.10 Heartwood 
weetgum [ iquidambar | 
styraciflua) 1 | 0.55 ye 11.0 0 96 1.10 14.6 +0.14 Heartwood & say 
Sycamore, American (Platanus j 
occidentalis). . ca | 1 | 0.52 oa 90 1.07 1 02 4.7 0 05 Heartwood 
Piywoop SPECIMENS 
Ja way: = = a Pos a TT i Tog 7 et aed 2 * | 
Douglas-fir (Pseudotsuga taxifolia) 12 | 0.52 | 0 43-0 56 9.2 4.3-12.0 0.98 1.02 + 4.1 +0 04 Heartwood 
. 7 — 
CORRECTION FOR INFILTRATED MATERIALS 
When 0.12 is added to computed conductivity K: for greenheart, for 14 runs on heartwood specimens of maple, and for all runs on heartwood 
specimens of red and white oak the following computed values are obtained which differ but little from the conductivity determined in the tests 
s ai a a i; or | mi 
Greenheart (Ocotea rodioei) a 4 | 190 | 1.91 +05 | +001 | 
Ma aple, 26, (Acer saccharum) se] 27 40 | 37 2.1 0.03 
uk, red (Quercus sp.)............ 12 35 3! 0.0 0.0 
Oak, white (Quercus sp.). . seeveeeel 18 | 1.37 | 1 35 15 | —0.02 
t ' Ea ns nails ss Atl 
*K, is conductivity computed from the equation Ki = S (1 39 + 0.028M] + 0.165. 
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moisture content of 16.4 per cent, there was from 20 to 40 per cent somewhat higher than the ave: 
when the specimens were under test difference at the end of the test, shown in Tabie 4 for the thin s 
only 5 hours. The curve of mois- between the moisture content of the tion which included that surface 
ture distribution for this test is wood near the cold-plate and that A large proportion of the runs 
shown for run 92 in Fig. 3. Mois- near the hot-plate side. This is also these conductivity experiments \ 
ture distribution curves for runs 78 shown for other runs, by data given made on specimens in which 

and 157 (Fig. 3) show that, when in Table 4. It should be noted that initial moisture content ranged f; 
the initial moisture content was in the moisture content at the surface a little above zero to about the fil 
the range of about 20 to 30 per cent, on the cold-plate side would be saturation point, because data 


Table 3—Summary of Data Obtained in Conductivity Tests on Green or Wet Specimens 
































} | | 
| | AVERAGE AVERAGE PER CENT | Dirrers 
No. or | AVERAGE RANGE OF AVERAGE RANGE oF | Conpuct- | CompuTED | VARIATION BETWE! 
Species RUNS IN | SPECIFIC SPECIFIC MOISTURE MOISTURE IVITY FROM Conpuct- | (K:-K) Ai and / 
AVERAGE | GRAVITY GRAVITY CONTENT Content | Test = K | rvitrye THer-| ——— (100) | (Ki-K 
| MAL = Ky K 
| | PER CENT PERCENT | } 
Ash, white ‘(Fraxinus | americana) 1 0.48 — 91.1 —_- 2.60 | 2 49 | —4.2 0.11 
Fir, white (Abies sp.)........... 3 0.36 | 0.33t00.38| 107.7 | 77.8to 129.8 330 | 8213 | -+14 | +40 
Maple, sugar (Acer saccharum). . 3 0.62 0.61 to 0.63 50.0 41.0to 58.6 2.16 2.19 | +1.4 +0 03 
Oak, red (Quercus sp.). achat 10 0.56 0 .54 to 0.59 60.3 36.0to 82.0 2.23 2.24 | +09 0.02 
Oak, white (Quercus sp.).. con 1 0.68 —_—— 57 .6 -_—— 2.59 2.60 +04 } 0.01 
Redwood (Sequoia sempervirens). . 2 0.36 —- 80.2 71.7to 88.9 1.89 1.76 —§.9 0.1 
*K is computed conductivity from equation K = S[1.89 + 0.038 M] + 0.165. 


Table 4—Comparison of Moisture Content in Wood Near Hot and Cold Plate Surfaces, 
Determined in Runs on Various Species 









































| TEMPERATURE 
AVERAGE MOISTURE MOISTURE DIFFERENCE 
MOISTURE CONTENT IN | CONTENT IN TIME IN THICKNESS AVERAGE | Between Hot Run 
SPECIES CONTENT OF | Woop Near | Woop NEAR Testt or SPECIMENS SPECIFIC AND CoLp NuMBI 
Specimens | Hor Prare* | Cotp PLaTE® Usep 1n Test GRAVITY PLATE 
| SuRFACES 
| PER CENT | PERCENT PER CENT Days | INCH F 
Ash, white (Fraxinus americana)... .. ] 91.1 53.4 98.3 1 0.820 0.48 52 S4 
Aspen, bigtooth (Populus grandidentata) 15.0 9.4 24.6 1 0 842 0.40 55 97 
Baldcypress (Taxodium distichum) eal 11.4 8.6 13.8 2 0.615 0.34 52 297 
do, 12.2 9.8 16.2 1 0.711 0.39 59 120 
do. 13.1 12.7 17.7 1 0.766 0.36 54 122 
do. 13.6 9.4 17.6 5 0.760 0.32 53 | 10 
do. 13.6 12.4 16.0 1 0.770 0.31 63 119 
do. ; 14.0 13.4 16.2 1 0.736 0.31 56 11 
Balsa (Ochroma sp.) 10.4 48 11.6 1 0.777 0.15 64 108 
Basswood, Amene an (Tilia glabra) 10.6 8.6 14.1 1 0.638 0.40 53 87 
11.5 7.6 11.8 1 0 .606 0.39 51 St 
Birch, yellow (Betuia lutea) 11.2 9.2 11.2 1 0.785 0.63 48 60 
do. . 11.4 8.8 12.1 1 0.874 0.64 49 | ‘ 
Douglas-fir (Pseu dotsuga ‘taxifolic a) 10.2 8.6 10.8 1 0 .660 0.47 52 ’ 
do. 12.4 7.2 25.4 6 0 2 0.50 51 | 288 
do. 13.0 9.5 15.2 4 1.495 0.47 53 204 
do. 14.0 10.7 17 .6 2 0.744 0.51 55 | 10 
do. 14.0 9.3 23 .8 5 0.684 0.50 48 101 
do. 14.0 9.3 17.4 2 0.631 0.44 49 79 
do. 14.0 8.6 15.6 1 0.628 0.45 49 | 4 
do. 14.3 10.8 18.0 1 0.500 0.43 43 90 
do. 14.4 8.3 18.1 3 0.608 0.45 5O 93 
do. 16.4 14.2 16.9 0.208 (5 hours) 0.628 0.46 48 | 2 
do. 20.4 10.8 33 .0 1 0.707 0.44 46 | 71 
do. 21.9 12.4 31.8 1 0.709 0.44 46 106 
do. 22 .5 10.6 48.6 l 0.702 0.44 49 SY 
do 28.8 13.4 48.0 1 0.829 0.46 49 | 78 
Oh a 34.6 8.0 102 .2 3 0.716 0.49 63 and 69 303 
do. 348 9.4 99.0 3 0.743 0.48 55 and 64 30t 
Fir, white (Abies sp.) 77.8 37 .7 | 97.4 3 0.800 0.37 77 276 
do. . 115.4 106.8 122.5 3 0.737 0.38 42 258 
Maple, sugar (Acer saccharum) 13.0 11.6 13.2 2 0.812 0.68 35 67 
do. . 13 .6 11.4 13.4 l | 0.750 0.68 38 69 
do. . 13.4 11.4 13.4 1 | 0.775 0.68 40 id 
do. . 13.7 9.0 19.2 5 0.795 0.69 49 9S 
do. . 13.8 11.0 14.7 I 0.749 0.66 48 Ww 
a5 13.9 12.0 14.0 l | 0.810 0.69 40 72 
hs. 14.1 10.0 19.7 6 0.843 0.66 41 100 
Oak, red (Quercus sp.) 58.4 16.6 68.1 4 0.795 0.55 66 285 
do. . 61.4 34.0 69.8 1% 0.727 0.55 45 255 
eee 64.2 33 .7 82.0 3% 0.7 0.56 41 254 
NL eg ba 82.0 70.4 92.9 3 0.707 0.58 48 326 
Pine, southern yellow (Pinus sp.) 11.8 7.6 14.8 1 0.707 0.53 50 152 
| 2.2 10.0 15.1 1 0.629 0.49 38 4 
do. 13.1 9.0 15.7 1 0.652 0.49 43 53 
do. 14.9 6.6 37.8 6 0.720 0.44 54 161 
do. 17.6 11.4 33.0 1 0.808 0.54 47 160 
do. . 18.0 10.5 21.4 1 0.565 0.45 37 113 
do. 18.2 12.6 31.8 l 0.804 0.50 5 153 
Prima vera (T abebuia bonnell-smithii). 7.4 6.7 7.6 | l 0.808 0.43 51 104 
do. . 12.6 9.9 15.8 1 0.828 0.44 52 65 
Ge. & 13.3 9.5 13.4 | l 0.808 0.46 42 66 
ie a eiieen 14.7 8.1 21.8 2 0 .822 0.46 63 65 
Redcedar, western ‘(Thuja peeats) 12.1 7.6 18.6 1 0.725 0.30 53 5 
do. . 12.5 7.4 15.1 1 0.794 0.30 47 59 
do. . 16.4 10.0 27 .6 1 0 2 0.31 59 121 
Eee 19.0 9.1 50.7 1 0.685 0.30 61 118 
Spruce, Engelmann (Picea engelmanni:).... 12.8 6.6 34.2 3 0.692 0.31 66 171 
| } 











aThe moisture content values shown for the hot and cold ; 
The average moisture content of the specimens was determined 
>Each day in test was approximately 24 hours. 


jlate sides are the averages found in thin slices varying from about 0.07 to 0.15 inch in thicknes 
rom separate moisture sections cut near the sliced specimens. 
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Fig. 3—Moisture distribution curves for seasoned or partially 
seasoned wood, after different periods in test 


conductivity are of principal interest 
in this range. Table 5 shows the 
number of runs made on each species 
for moisture content intervals of 5 
per cent up to a little above the fiber- 
saturation point. All runs made on 
specimens having an average mois- 
ture content over 40 per cent are 
placed in one group and are classed 
as green. 

Effect of Different Periods of 
Test on Conductivity: Several runs 
were made to study the effect of 
different periods of test on the con- 
ductivity since it was recognized 
that the final moisture distribution 
was dependent to a certain extent 
on the time the wood was exposed 
to temperature differences between 
the two faces. Data on these tests 
are given in Table 6. The results 
indicate that when the average 
moisture content was about that of 
air-seasoned wood, 15 per cent or 
less, there was usually no significant 
change in conductivity after 24 
hours in test. In fact, data taken 5 
or 6 hours after specimens having 
this range of moisture content were 
placed in test, showed there was lit- 
tle change and often no change in 
conductivity from that found after 
test periods of 24 hours or more. 

When the average moisture con- 
tent was in the range of 20 to 35 
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Fig. 4—Moisture distribution curves for green red oak after 
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r PLATE TEMP -116* was some ten- 
PLATE TEMP - 66° fi 
dency for the 
conductivity to 


decrease with 


TEST 5 DAY S-Ai Mt 16% 
a em increase in time 
aed of test. This is 


PLATE TEMP -103°% 
) PLATE TEMP-50 °F shown in data 


0 15 20 25 30 35 40 for runs 290, 
303 and 306 in 
Table 6. This 
change would 
pre ybably con 
tinue until a condition of moisture 
equilibrium was established for the 
differences in temperature between 
the two faces. It is very probable 
that a considerable part of the re 
distribution of moisture may have 
occurred before the first readings 
of conductivity were taken. For 
this reason the first determination 
of conductivity is not necessarily 
the maximum conductivity. 

Green wood having a moisture 
content of about 60 per cent or more 
showed a much slower trend toward 
a lower conductivity than specimens 
having a lower moisture content 
close to the fiber-saturation point. 
This slow change found for the wet 
wood may be on account of the 
smaller amount of air space in the 
wood cells because of the large 
amount of water present. The mois 
ture distribution curves for runs 254 
and 326 (Fig. 4) show that even 
after 72 to 90 hours in test (3 to 
334 days) the moisture content of 
the wood next to the hot plate was 
not below the fiber-saturation point. 

Results of these tests show that, 
since the redistribution of moisture 
has a tendency to reduce rather than 
increase the conductivity, one can 
logically assume that the conductiv- 
ity data will represent maximum 
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different periods in test 


values that may be expected for the 
particular average moisture content, 
regardless of the time required to 
establish equilibrium moisture con 
ditions. While it is recognized that 
the conductivity as determined does 
not represent the conductivity of 
the wood under the original condi 
tions of moisture distribution, ever 
if it were possible to devise 
method of finding the conductivity 
without disturbing the _ original 
moisture balance, such data would 
not represent conditions commonly 
encountered \ moisture gradient 
necessarily occurs when wood con 
taining moisture is used in any type 
of structure where a temperature 
gradient exists between faces. Since 
specimens tested in the hot-plate ap 
paratus do not evaporate moisture 
from the cold surface, the average 
moisture content will not chang 
with change in moisture distribution 
except for a very slight moisturs 
loss at the edges that does not af 
fect the interior portion. Whether 
moisture evaporates from the cold 
side when wood is used comme 
cially depends upon a variety of fac 
tors 

Since both the specific gravity 
and moisture content can be deter 
mined or estimated within reason 
able limits for a given species and 
for particular conditions of servic 
under which the wood is used, a 
formula for computing the approx! 
mate conductivity would be of par 
ticular assistance in questions relat 


ing to the insulating properties of 


different woods. An equation show 


ing the relation of conductivity, 


specific gravity, and moisture con 
fent would make it possible to dis 


regard species and to calculate, 


within reasonable limits, the con- 
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Table 5—Range of Moisture Content of Test Specimens of Different Species 
































NuMBER oF Runs Mabe AT MorstureE CONTENT OF | To 
ZERO BETWEEN BETWEEN BETWEEN BETWEEN BETWEEN BETWEEN GREEN OR Re N 
OR ZERO AND 5 + AND 10 + AND 15 + AND 20 + AND 25 + AND Wert Woop 
SPECIES OvEN 5 Per CENT, |10 Per cent,|15 Per cent, |20 Per CENT, |25 Per CENT, |30 PER CENT, (Over 40 Isre 
Dry INCL. | NCL. INCL. INCL. INCL. INCL. PER CENT) 

Ash, white (Fraxinus americana). | _ — 1 6 sa -- ] | ‘ 

Aspen, bigtooth (Populus grandidentata) 5 1 | 8 1 - I 
Baldcypress (Taxodium distichum). . 5 6 24 
Balsa (Ochroma sp.)............... 4 1 4 1 ~ T 
Basswood, American (Tilia glabra) 7 2 9 9 = 2 

Birch, yellow (Betula lutea). . . 1 10 - : — ! 
Douglas-fir (Pseudotsuga taxifolia) s 3 27 1 | 6 15 _— til 
Elm, rock (Ulmus thomasii)..... 1 --- | 5 2 2 = I 

Fir, white (Abies sp.). eee 2 — — - - 3 

Greenheart (Ocotea rodioei). . . ons | a commen | 4 —_- —— ' 
Hemlock, western (Tsuga heterophylla) 2 —- | 1 - 2 2 - 7 

Larch, western (Larix occidentalis) . 3 | —- 13 | | — —- — 1 

Maple, sugar (Acer segeharent) Euswe 5 7 19 _ — 1 3 

Oak, red (Quercus sp.). . 5 | 1 10 | l - — 10 27 

Oak, white (Quercus sp.).. --- 9 5 3 1 - 1 l 
Pine, southern yellow (Pinus sp.) 7 | ~ | 2 | 43 7 | ’ aad | ’ > 
Pine, white (Pinus sp.).......... 10 2 5 11 2 | | _ ~ 3 
Prima vera (Tabeuia bonnell-smithii).. 1 3 1 5 . — _ 1 

Rédcedar, western (Thuja plicata)..... 3 —_—— | 12 3 1 - ray l 
poewees (Sequoia sempervirens). ..... 8 | - 1 | 14 — - } -— 2 2 
ce, Engelmann (Picea —. epee + - —_ 12 | — — If 
Truce. (Shorea peeeemay.. ia 4 2 | 4 — — | = — 1 
Miscellaneous species*. — 6 5 1 | — ly 

PLywoop SPECIMENS 
| 
Douglas- fir (Pseudotsuga taxifolia)... ‘ | —- | 1 5 6 = | eae | ur | - : 
| I | | 489 
| | 


a 





aSpecies on which only one or two runs were made. 


ductivity of any wood without mak- 
ing conductivity tests. 

Published data frequently give 
the conductivity and weight per 
cubic foot for a particular species, 
but no data are given regarding the 
moisture content at time of test. 
Since differences in the specific 
gravity of wood havé a very differ- 
ent effect on conductivity from that 
caused by differences in the amount 
of water in the wood, it is evident 
that the weight per unit volume 
might be the same but the conduc- 
tivity could vary considerably, de- 
pending on the proportional weight 
of water and wood substance. Al- 
though it is not practicable to com- 
pute the exact conductivity of wood 
of given density and moisture con- 
tent because of the number of vari- 
ables involved, the results of the 
experiments discussed in this paper 
indicate that it is possible to com- 
pute the conductivity closely enough 
for practical purposes. 

In deriving an expression for the 
relation of conductivity, air space, 
moisture content, and specific grav- 
ity, it has been assumed that the 
conductivity of water-free wood is 
represented by the formula 


P 
K = 1.503 S + dosh (0.165) 
100 


tion art In order to find an 
expression for computing the con- 
ductivity of wood containing water 
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Table 6—Conductivity of Wood 


After Different Periods of Heating 
































| AVERAGE Tm™eE | 
MOISTURE IN Conpuct-| Run | 
SPECIES CONTENT TEst IVITY No. REMARKS 
Per Cent; Hours c 
Baldcypress (Taxodium distichum)..| 13.6 24 0.72 | 105 | 
| 96 0.73 | | 
120 0.74 * 
Baldcypress (Taxodium distichum). .| 11.4 24 0.82 | 297 
. oe a 
| 
Douglas-fir (Pseudotsuga taxifolia) 14.0 24 | 0.92 | 101 
96 0.90 | 
120 0.91 | 
Douglas-fir (Pseudotsuga taxifolia) 14.0 24 | O97 | 102 
| 48 0.95 | ‘ 
Douglas-fir (Pseudotsuga taxifolia) 12.4 | 2 | 090 | 288 
| 20 | «0.85 
| 44 0.87 
| 113 0.85 
144 083 | ; 
Douglas-fir (Pseudotsuga taxifolia)..| 34.6 | 24 a 303 Specimens soake 
| 72 0.99 | Pa water about 6 k 
Douglas-fir (Pseudotsuga taxifolia) 34.8 3 : 21 306 | before test 
2 | 2 | 
| 
Maple, sugar (Acer saccharum).. | 14.1 24 1.58 100 
| 96 | 1.59 
a ca ae * 
| | | | 
Maple, silver (Acer saccharinum).. . .| 9.9 24 1.07 464—CiS 
4s | 06 
Oak, red (Quercus sp.) | 64.2 60 2.32 254 
| | 90 2.25 
Oak, red (Quercus sp.) SS a 24 2.23 257 
48 2.24 : 
Oak, red (Quercus sp.) | 58.4 24 2.20 285 
| 96 2.10 
Oak, red (Quercus sp.) 82.0 18 2.88 326 Soaked in water al 
| 72 2.87 one month before 
| | test 
Pine, southern yellow (Pinus sp.)..... 14.9 | 24 1.01 161 
96 1.01 
120 1.00 
144 0 98 
Pine, southern yellow (Pinus sp.).... 23.8 24 1.24 290 
120 1.13 
Redwood (Sequoia sempervirens)... | 71.7 24 1.66 314 Soaked in water abou 
| 48 1.66 6 weeks before t: 
hd 2 
it was assumed that another term K soS + i (0.165) 
ss i ~--- 165) 
MSX could be added where MS = 100 
the percentage of volume occupied FISH so cdsevsccvvcvecees sx 
by water and X = a factor repre- P 
senting the effect of moisture on Substituting for —— its value 


conductivity. The equation for the 
conductivity of wood containing 
water could then be written: 


Flues | 
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becomes, K 


Equation (2) = Ss 
(1.39 + M (X — 0,00165)] + 
0.165. 


If Z represents the term (X — 


0.00165 ) 


kK = S [1.39 + MZ] + 0.165.......(3) 


The factor Z will necessarily vary 
within a certain range, partly be- 
cause the moisture distribution is 
not uniform and also because of 
variability in the wood structure, 
extractives, and other factors that 
affect the conductivity of oven-dry 
wood. For moisture content values 
below the fiber-saturation point 
(taken as 30 per cent), the majority 
of the species tested had a value of 
Z ranging between 0.018 and 0.039 
and the average for the different 
woods with a moisture content range 
up to the fiber-saturation point was 
about 0.028. The average value for 
Z determined for the tests on speci- 
mens having from 50 to over 100 
per cent moisture was 0.038. 

There is, of course, no strict de- 
marcation for the value of Z at the 
fiber-saturation point. In general, 
Z should probably increase some- 
what gradually up to a maximum 
for green material. The equations 
are necessarily based on average 
values for both oven-dry wood and 
for wood containing varying 
amounts of water. For moisture- 
content values over 30 but under 40 
per cent, it would probably be a lit- 
tle closer to use the factor 0.028 in 
computing K even though 40 per 
cent moisture content is about 10 
per cent above the fiber-saturation 
point, taken as 30 per cent. 

Substituting 0.028 and 0.038 in 
Equation (3) for the respective 
groups gives: 


K = § (1.39 + 0.028M) + 0.165 


for wood having varying amounts 
of moisture up to a little over the 
fiber-saturation point (values under 
40 per cent) ; and 


K = § (1.39 + 0.038M) + 0.165 
4 pees. ae 


for green wood having 40 per cent 
or more, moisture. 

In the foregoing expressions, 
K = the conductivity, M = the 
moisture content, and S = the spe- 
cific gravity as previously defined. 
It is evident that if the value of 
M = 0 in Equations (4) and (5), 


both become the same as Equation 
(1) derived for oven-dry wood. 
The difference in the computed 
and the experimental value of con- 
ductivity for partly seasoned wood 
was highest for heartwood speci 
mens of red and white oak, green- 
heart, and maple. Three runs made 
on oven-dry heartwood specimens 
of red oak and one run on maple 
specimens, mostly heartwood, also 
showed somewhat higher conductiy 
ities, considering the specific grav- 
ity, than the other woods. On the 
other hand, runs made on _heart- 
wood specimens of partly seasoned 
rock elm, white ash and yellow 
birch, which are also relatively 
heavy woods, did not show the dif 
ference in computed and test con- 
ductivity values noted for heart 
material of the other woods named. 
Some of the maple specimens had 
a considerable amount of sapwood 
and the values of the computed and 
experimental conductivity 
for these specimens were fairly 
close. It appears possible that ex- 
tractives, such as tannin in_ the 
oaks, and various substances found 
in the heartwood of other species 


factors 


may be largely responsible for the 
higher conductivity of the woods in 
question. The difference between 
the computed value of A and that 
found from the tests on the heart 
wood specimens of oak, greenheart. 
and maple was fairly constant and 
was in the neighborhood of 0.12. If 
this difference is added to the com- 
puted conductivity for heartwood 
specimens, the test values and com 
puted values of K for these four 
woods will be very close. Only the 
heartwood 
woods, however, 
amount of variation. In a few runs 
on heartwood specimens of oak the 
computed conductivity checked very 
closely with the conductivity found 
in the tests but more commonly the 
computed value was a little lower. 
The effect of extractives in green 
oak and maple was apparently ob- 
scured by the high moisture con- 
tent of the specimens since the 
computed values of K were, in gen- 
eral, very close to those determined 
in the tests and, as shown in Table 
3, varied less than 5 per cent. 
Cypress showed a more conspicu- 
ous variation in conductivity than 
many of the other woods tested and 
it is probable that extractives, such 
as the oil in the wood, affect the 


specimens of these 
showed _ this 
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results in this case. 
Douglas-fir was more variabk 
than the southern pines and, in gen 
eral, had a trend toward a little 
lower conductivity than other woods 
of similar gravity and 
moisture content, 
that the oven-dry specimens had 
lower conductivity for 


specific 
It was observed 


somewhat 
wood of that specific gravity, indi 
cating that there was something in 
herent in the wood _ structure 
affecting the conductivity of this 
species. The tests on southern pine 
included a number of runs on resin 
ous wood, but the increase in con 
ductivity was, in most cases, in 
about the same proportion as the 
increase in specific gravity because 
of the presence of resin. Apparently 
the conductivity of the resin was 
not much different from that of the 
wood substance. 

Fig. 5 shows the average com- 
puted conductivity plotted against 
the average conductivity deter 
mined in test for specimens having 
a moisture content ranging from 
about 2 to 33 per cent. The values 
are averaged for each 0.1 differenc« 
in conductivity. Fig. 6 shows sim 
ilar data plotted for the tests on 
green specimens. If the average 
values computed and the average 
values determined in the experi 
ments were the same, the plotted 
points in Figs. 5 and 6 would, of 
course, fall on the 45 deg line. It 
may be noted that most of the 
points in Fig. 5 with the exception 
of the last few near the upper end 
of the line, fall on or very close to 
the 45 deg line. The last points 
tend to diverge, mainly because of 
the relatively higher conductivity 
found in the heartwood of the 
greenheart, oak and maple speci 
mens. When 0.12 is added to the 
computed conductivity for these 
woods the points fall much closer to 
the line, as shown by the small cit 
cles. 

Table 3 shows that the computed 
and test values for the green mate 
rial are very nearly the same. In 
these runs on green wood, the mois 
ture content was 50 per cent o1 
more and the factor 0.038 was used 
for Z in making the computations 

The data in Table 7 give the vari 
ations between the computed con 
ductivity for the different species 
and the values found in the tests 
when the moisture content range 
was from 0 to approximately the 
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Fig. 5—Average computed conductivity plotted against average 
conductivity determined in tests on wood with different amounts 


of moisture 


1.4 


(Circles show averages when 0.12 is 


to computed values (Ki) for 


greenheart, sugar maple and oak. ; 
opposite points show number of runs in aver- 
age. Data are averaged for each 
conductivity 


ence in experimental 


fiber-saturation point. The data in 
this table show that in the total of 
84 runs made on oven-dry speci- 
mens 57 per cent of the computed 
conductivity values were within 5 
per cent of those determined in the 
tests; about 29 per cent more were 
between 5 and 10 per cent; and less 
than 4 per cent were in the range 
of maximum variation, which was 
between 15 and 20 per cent of the 
values found in the tests. 

In the group of 385 runs made 
on specimens with varying amounts 
of moisture up to a maximum of 
about 33 per cent, about 42 per 
cent of the computed values were 
within 5 per cent of the test values; 
33 per cent more were between 5 
and 10 per cent; 20 per cent were 
between 10 and 15 per cent; and 
less than 2 per cent were in the 
range of maximum variation of 20 
to 25 per cent. If 0.12 is added to 
the computed values of conductivity 
for the heartwood specimens of red 
and white oak, maple, and green- 
heart about 50 per cent of the com- 
puted conductivity values are within 
5 per cent of the values found in 
the tests; about 31 per cent within 
5 and 10 per cent; and 14 per cent 
between 10 and 15 per cent of the 
conductivity determined in the tests. 
Altogether, about 95 per cent of the 
computed conductivity values varied 
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heartwood of 
Numbers 


0.10 


factors.) 


16 18 20 22 
CONDUCTIVITY FACTOR DETERMINED IN EXPERIMENTS (K) 


added = Jess than 15 per cent from 
the values found in the tests 
differ: On wood having varying 
amounts of moisture up to 
the fiber-saturation point. 
Nearly 80 per cent varied less than 
10 per cent from the experimental 
values. 

Fig. 7 shows the relation of con- 
ductivity, moisture content, and spe- 
cific gravity for moisture values 
ranging from 0 to 30 per cent. The 
specific gravity and moisture con- 
tent can be easily determined as 
previously explained under the sub- 
heading, Conditions of Test. It is 
often more convenient to determine 
the original weight of wood per 
unit volume instead of the specific 
gravity; the original weight being 
the weight of the wood and the water 
it contains at the current moisture 
content, M. Fig. 8 was therefore pre- 
pared to show the relation of weight 
of wood and conductivity for mois- 
ture content intervals ranging from 
0 to 30 per cent. The original 
weight of wood in pounds per cubic 
foot (actual dimensions) is shown 
on the bottom scale and the corre- 
sponding weight in pounds per 
square foot and 1 in. in thickness 
is shown at the top. The approxi- 
mate average moisture content must 
of course be known or assumed in 
order to use this chart. The data 
for Figs. 7 and 8 were computed bv 
means of Equation (4). Fig. 8 
illustrates the point that data show- 
ing the original weight per unit vol- 
ume and conductivity only, are not 


Fig. 6—Average computed conductivity plotted agains: 
average conductivity determined in tests on green wood 
(Data averaged for each 0.20 difference in 


experimental conductivity factors. Numbers op- 
posite points show number of runs in average.) 


sufficient since the weight will cd 
pend both on specific gravity and 
moisture content. For this reaso: 
either the moisture content or th 
specific gravity S§ should also be 
given in addition to the weight per 
unit volume. Either Fig. 7 or & 
will be found convenient for finding 
the approximate conductivity of any 
particular species, or the conductiy 
ity factor can be computed by means 
of Equation (4) when the moistur: 
content is under 40 per cent. Equa 
tion (5) can be used in computing 
the approximate conductivity 
green wood when the moisture cor 
tent is about 40 per cent or higher 
When wood seasons from thy 
green condition to any given mois 
ture content below the fiber-satura 
tion point, the reduction in moisture 
will tend to reduce the heat con- 
ductivity. On the other hand, th 
specific gravity will increase b 
cause of shrinkage in seasoning and 
this will tend to increase the con- 
ductivity. Very often it is desirable 
to compare the conductivity of one 
species with that of another when 
the wood has a particular moisture 
content, and it is also of interest to 
know how the conductivity of a 
given wood changes in going from 
the green to the oven-dry condition 
Shrinkage studies made at the 
Forest Products Laboratory show 
that the percentage volumetric 
shrinkage (Vs) that occurs in sea 
soning from the fiber-saturation 
point to any moisture content below 
the fiber-saturation point is approx 
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imately proportional to the loss of 
water from the cell walls. Although 
some woods having the same spe- 
cific gravity based on volume when 
ereen and weight when oven-dry 
may not shrink to quite the same 
extent between the green and oven- 
dry conditions, for most species the 
differences in shrinkage are usually 
small when the specific gravity of 
the green wood is the same. It is 
therefore sufficiently accurate for 
practical purposes to compute the 
shrinkage and the corresponding 
specific gravity on the basis that 
shrinkage is proportional to the loss 
of water from the cell walls. 

The approximate volumetric 
shrinkage would then be computed 
from the relation: 


1 
ae so (- - -)(s0 - uy | 
1.115 


1 
or since —— = 0.9, approximately 
1.115 
Vs = Sg [0.9 (30 — M)]} 


In this expression Is is the per- 
centage volumetric shrinkage ; Sq is 
the specific gravity based on volume 
when green and weight when oven- 
dry; 1.115 is the density of the 
water in the fiber walls when they 
are saturated and M is the percent- 
age moisture to which the wood is 
seasoned. 

If Sm represents the specific 
gravity after seasoning to a mois- 
ture content M the value of Sm is 
found from the relation 

Sg 


Sm = Vs 


1 —-—- 


100 





1—Sg [0.009 (30—) } 
Likewise Sg can be computed if Sm 
is known or assumed since 
Sm 





og = 
: 1+ (Sm) [ (0.009) (30—M) } 

Average values of Sg for a con- 
siderable number of the more im- 
portant commercial native species 
are givenin Table 8. Similar data for 
other woods are given in U.S.D.A., 
Tech. Bul. 479. Since seasoned wood 
soaked in water until it is thor- 
oughly wet will swell to about green 
dimensions, the value of Sg can be 
readily determined for samples from 
any timber regardless of the degree 
of seasoning, by assuming the green 
volume to be the same as the vol- 
ume of the sample after soaking to 
maximum swelling in water. 

If the computed specific gravity 
Sm is substituted for S in the equa- 


tion K = § (1.39 + 0,028M) its equivalent 

0.165 the approximate conductivity : 

K can be computed for wood at any ; -( ) 

given moisture content using the 100 

specific gravity Sg based on the the equation for conductivity b 


green wood. Substituting for Sm comes: 


Table 7—Variation of Computed Values of Conductivity from Values Found in Tests 
(Moisture Content Range 0 to Fiber Saturation Point) 


No. or Runs in Waicn Computrep 
CONDUCTIVITY 1s WITHIN THE 
FOLLOWING PERCENTAGE VARIATION 











From Vatue or K DETERMINED IN . ~ 
EXPERIMENTS ON oN Wo 
Oven- | Contra 
SPECIES Dry IN 
01T05)}5 +170/10 + 7Tol15 + To!\20 + To Woop Me 
PER 10 Per! 15 Per | 20 Per | 25 Per 
CENT CENT CENT CENT CENT 
Ash, white (Fraxinus americana) 
(Oven-dry wood)......... 
(Wood having 12-18 per cent moisture) 6 1 
Aspen, bigtooth (Populus grandidentata) 
(Oven-dry wood) ba aie 2 2 I 
(Wood having 9-17 per cent moisture ; ; 2 2 10 
Baldcypress (Taxodium distichum) 
(Oven-dry wood) ! ; 1 } 
(Wood having 7-15 per cent moistur: b 12 rl 1 rl 0 
Balsa (Ochroma sp.) 
(Oven-dry wood) I 2 l ; 
( Wood having 3-10 per cent moisture ; l 2 ‘ 
Basswood, American (Tilia glabra 
Oven-dry wood 7 7 
(Wood having 3-12 per cent moistur: 7 9 i 
Birch, yellow (Betula lutea) 
(Oven-dry wood) 
(Wood having 6-12 per cent moisture 6 ‘ 1 1! 
Douglas-fir (Pseudotsuga taxifolia 
(Oven-dry wood)..... l H 2 l Ss 
(Wood having 7-33 per cent moisture) 14 i4 19 i I 
(Plywood having 4-12 per cent moisture) 5 l i » 
Elm, rock (Ulmus thomasii) 
(Oven-dry wood) 1 1 
(Wood having 12-32 per cent moisture t ; ; 
Fir, white (Abies sp.) 
(OQven-dry wood) 1 I 
Greenheart# (Ocotea rodioei 
(Oven-dry wood) 
(Wood having 16-20 per cent moisture 2 2 i 
Hemlock, western (Tsuga heterophylla 
(Oven-dry wood)... 1 1 
(Wood having 13-30 per cent moisture I 2 1 1 
Larch, western (Larix occidentalis | 
Oven-dry wood) : 2 l 
(Wood having 11-13 per cent moisture) j s 4 1 
Maple. sugar’ (Acer saccharum) 
(Oven-dry wood) } 
(Wood having 5-28 per cent moisture 11 9 6 1 27 
Oak, red* (Quercus sp.) 
(Oven-dry wood) 1 | ; l 
(Wood having 6-20 per cent moisture ; 1 t 12 
Oak, white (Quercus sp 
(Oven-dry wood) 
(Wood having 5-20 per cent moisture 1 6 il is 
Pine, southern yellow (Pinus sp.) 
(Oven-dry wood) ‘ 5 1 l 7 
(Wood having 5-24 per cent moisture) 20 26 3 1 } 
Pine, white (Pinus sp 
(Oven-dry wood) . 5 ; 2 | 10 
(Wood having 4-18 per cent moisture 8 8 4 20 
Prima vera (Tabebuia bonnell-smithii) 
(Oven-dry wood). ; 1 1 
(Wood having 1-15 per cent moisture 7 2 ) 
Redcedar, western (Thuja plicata) 
(Oven-dry wood) owls 3 
(Wood having 10-20 per cent moisture) 8 3 5 lt 
Redwood (Sequoia sempervirens 
(Oven-dry wood) 6 1 l 8 
(Wood having 6-13 per cent moisture 8 7 | 15 
Spruce, Engelmann (Picea engelmannii) 
(Oven-dry wood 3 l ‘ 
(Wood having 12-13 per cent moisture s ; l 12 
Tanguile (Shorea polysperma) 
(Oven-dry wood) 2 & 3 4 
(Wood having 6-15 per cent moisture | 5 l | 6 
Miscellaneous species 
(Oven-dry wood) . 
(Wood having 7-16 per cent moisture 5 ; ‘ 
Totals 
(Oven-dry wood) . , 48 24 a ; S4 
Per cent of total 57.1 28.6 10.7 $6 
(Wood having varying amouats of 
moisture). . 160 126 77 16 6 is 
Per cent of total 41.51 328 20.0 4.2 1.5 
a If 0.12 is added to all computed values for the runs on heartwood specimens of maple, oak a gree 
heart the following results are obtained 
Totals 
(Oven-dry wood Ww 22 i; 10 | 2 | | M4 
Percent of total 59.5 26.2 11.9 2.4 
(Wood having varying amounts of | 
moisture). . | 192 1s | && | 15 6 IN5 
Per cent of total : 19 9 30.7 140 3.9 1.5 
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Fig. 7—Relation between computed conductivity and moisture 


content for wood having different specific gravity values 


(Specific gravity based on 


volume at 
current moisture content and weight when 
oven-dry. Conductivity computed 










i j 
Sees Ss s>~= 42+ 44 4 


0 4 8 i2 16 20 24 28 32 36 40 44 48 52 56 60 64 68 22 
ORIGINAL WEIGHT (LB. PER CU. FT) 
Fig. 8—Relation between computed conductivity and orig 


inal weight of wood (weight at current moisture content V 
with moisture content ranging from 0 to 30 per cent 


from Conductivity computed from formula, 
= 2 


formula K = S§ [1.39 + 0.028M] + 0.165.) 


Sg [1.39 + 0.028M ] 
K = —_—____—__—— + 0.165 
1— Sg [0.009 (30 — M)] 

This equation was used for com- 
puting the curves in Fig. 9 which 
show the relation between the com- 
puted conductivity and moisture 
content for woods having various 
specific gravity values based on vol- 
ume when green and weight when 
oven-dry. The following example 
illustrates the use of Fig. 9. Assume 
it is desired to find approximately 
the average conductivity of loblolly 
pine at 15 per cent moisture. Ta- 
ble 8 shows the average specific 
gravity of this wood when green is 
0.47. By following the vertical line 
for 15 per cent moisture to a point 
halfway between the lines for specific 
gravities of 0.46 and 0.48 the con- 
ductivity opposite this point (read 
on left hand scale) is shown to be 
about 1.07. If we wish to compare 
the conductivity of this species with 
that of another wood, for example, 
yellow birch, Table 8 shows the av- 
erage specific gravity (based on vol- 
ume when green) of the latter 
species is 0.55. Fig. 9 shows that 


390 


the conductivity of yellow birch at 
15 per cent moisture would be 
about 1.24 or nearly 16 per cent 
more than the conductivity of lob- 
lolly pine at this moisture content. 
It should be noted that the specific 
gravity values Sg shown in Fig. 9 
are based on oven-dry weight and 
volume when green while the spe- 
cific gravity values given in Fig. 7 
correspond to Sm and are based on 
oven-dry weight and volume at cur- 
rent moisture content. The latter 
figure is convenient to use when the 
specific gravity and moisture con- 
tent of seasoned wood is determined 
or assumed. 

It may be noted from Fig. 9 that 
loss in moisture content reduces the 
conductivity to a greater extent than 
the accompanying change to higher 
density increases it, hence the net 
result is a decrease in conductivity 
as wood seasons from the green to 
the oven-dry condition. 

The small number of tests made 
on Douglas-fir specimens to com- 
pare conductivity in the radial and 
tangential directions, showed no 
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S (1.89 + 0.028M) + 0.165 


pronounced differences althoug! 
practically all cases, there appear 
to be a tendency for higher « 
ductivity in the tangential direct 
For average wood, however, the: 
would probably be no important 
ference in conductivity for these tw 
directions. On the other hand t! 
is a very marked difference i: 
conductivity in a longitudinal dire: 
tion compared with that at right 
angles to the fibers. In several runs 
on Douglas-fir and red oak spec! 
mens in which the moisture conten 
ranged from about 6 to 15 per cent 
the conductivity in the longitudinal 
direction was from about 21% to 2! 
times the conductivity in the radial 
or tangential direction. 
Experiments made in special runs 
to study the effect of knots, checks 
and cross-grain structure ind! 
cated that small knots, when no! 
numerous, had no important i 
fluence on conductivity but larg’ 
knots had a_ tendency to 
crease the conductivity. It was als 
noted that there was little if an) 
effect on conductivity when th 
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specimens had small checks, such as 
efen occur in wood while season- 
ing. Wood with pronounced cross- 
grain (from face to face) showed 
increased conductivity, as would be 
expected. In wood having such 
cross-grain, there is a longitudinal 
component that increases the con- 
ductivity to a greater or less extent 
depending on the angle of cross- 
grain. 

Results of the experiments on 
specimens of Douglas-fir plywood 
indicate that the thin film of glue 
between the wood surfaces has no 
important effect on conductivity. 
This might be expected because of 
the very slight thickness of the glue 
coating. Even a marked difference 
in the conductivity of the glue in 
comparison with the conductivity of 
the wood would make little differ- 
ence in the conductivity through the 
entire thickness because the total 
thickness of the glue is insignificant 
in comparison with the total thick- 
ness of the wood. 

A few runs were made to irivesti- 
gate the effect of differences in 
average temperature on the con- 
ductivity of the wood. The tem- 
perature differences between the hot 
and cold sides ranged from about 
22 to 96 F and the differences in 
the average temperatures obtained 
in runs on a given pair of test speci- 
mens (differences in average of 
hot-plate plus cold-plate tempera- 
tures) varied from about 12 to 
25 F. Changes in temperature were 
obtained by varying the temperature 
of the hot plate. These runs were 
made on both air-seasoned and 
oven-dry woods. In most cases, 
there was a small increase in con- 
ductivity with increase in average 
temperature, but the increase varied 
from nearly zero to a maximum of 
less than 4 per cent. In other words, 
for the range of hot- and cold-plate 
temperatures used, there was but 
little change in conductivity when 
the difference in temperature be- 
tween the hot- and cold-plate sides 
was more than doubled by increas- 
ing the hot-plate temperature. This 
indicates that differences in the av- 
erage temperatures of wood which 
are normally encountered, have no 
important bearing on heat conduc- 


Table 8—Average Specific Gravity of \ 


SPECIES 


HAR 


Ash, white (Fraxinus americana) 
Basswood, American (Tilia glabra 
Beech, American (Fagus grandifolia 
Birch, yellow (Betula lutea) 
Blackgum (Nyssa sylvatica)... 
Chestnut, American (Castanea dentata 
Elm, American (Ulmus americana 
Elm, rock (Ulmus thomasii) 
Hackberry (Celtis occidentalis) 
Hickory, mockernut (Hicoria alba 
Maple, silver (Acer saccharinum) 
Maple, sugar (Acer saccharum) 

Oak, red (commercial) (Quercus sp 
Oak, white (commercial) (Quercus sp 
Pecan (Hicoria pecan). . 

Sweetgum (Liquidambar styraciflua 
Sycamore, American 

Tupelo, water (Nyssa aquatica 
Walnut, black (Juglans nigra) 
Yellowpoplar (Liriodendron tulipifera 


So 


Baldcypress (Taxodium distichum 
Douglas-fir, coast (Pseudotsuga taxifolia 
Fir, white (Abies sp.) peeins 
Hemlock, eastern (Tsuga canadensis) 
Hemlock, western (Tsuga heter: yphylla 
Larch, western (Larix occidentalis 

Pine, eastern white (Pinus strobus 

Pine, jack (Pinus banksiana) 

Pine, loblolly (Pinus taeda) 

Pine, lodgepole (Pinus contorta 

Pine, longleaf (Pinus palustris 

Pine, ponderosa (Pinus ponderosa 

Pine, red (Pinus resinosa) 

Pine, shortleaf (Pinus echinata 

Pine, slash (Pinus caribaea) 

Pine, sugar (Pinus lambertiana 

Pine, western white (Pinus monticola 
Redcedar, eastern (Juniperus virginiana 
Redcedar, western (Thuja plicata 
Redwood (Sequoia sempervirens 
Spruce, Engelmann (Picea engelmannii 
Spruce, Sitka (Picea sitchensis 

Spruce, white (Picea glauca 

Tamarack (Larix laricina) 

White-cedar, northern (Thuja occidentalis 
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Fig. 9—Relation between computed conductivity and moisture 
content for woods having various specific gravity values based 
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The Mechanical Equipment of Air 
Raid Shelters: 


By W. A. Bechtler,* Sc. D., 


Zurich, Switzerland 


HE bombardment of cities 

and the use of poisonous gases 

in modern warfare has made 
the providing of air raid shelters 
necessary to protect and save human 
life. Such shelters may be simply a 
cellar of a home, sometimes with 
reinforced ceiling constructions, or 
specially built shelters housing large 
numbers of people. Underground 
vaults and passages, such as sub- 
ways, are often used. Larger shel 
ters not only present special con 
struction problems but also present 
problems to the engineer in creating 
proper atmospheric conditions for 
maintaining health and providing 
equipment to carry on the necessary 
and normal activities of life. 

The construction of air raid shel- 
ters in France, England, Germany 
and Switzerland has shown that the 
necessary mechanical equipment not 
only requires special study, but that 
in larger and more important shel- 
ters the cost of such equipment must 
be secondary to safety. A compari- 
son of the cost of such equipment 
with the cost of the shelter itself 
shows that quite often the first 
greatly exceeds that of the latter. 
Sut it is often possible with more 
complete or additional mechanical 
equipment to reduce the building 
costs, as for example, with mecha- 
nical ventilation the same number 
of people can be housed in a smaller 
shelter thereby reducing the initial 
building costs. 

The construction of air raid shel- 
ters presents the mechanical engi- 
neer with the following problems: 
1. That in a given space, which 
through special building construction 
has been made more or less bomb 
proof, a larger number of people 
can find shelter for long periods of 
time without detriment to their 
health. 2. The possibility that the 
providing of necessary services, such 
as water, electricity, etc. from out- 
side of the shelter may be inter- 
rupted or entirely destroyed. 3. 
+Translation from the German by Alfred ] 


Offner, Consulting Engineer, New York, N. 
*Director of LUWA Ltd 


That protected rooms be provided 
for maintaining or providing neces- 
sities, such as water, electricity, and 
telephone and for the housing of 
police, firemen, air raid personnel, 
etc. 

To solve these problems the fol- 
lowing mechanical equipment is 
necessary : 

1. Ventilating systems. 

2. Independent production of 

light and power. 

3. Auxiliaries as water pumps, 

sewage pumps, signal appa- 
ratus, telephone, etc. 


Ventilating Systems 


Kach person requires for the 
maintenance of life about 70 cu ft 
of air per hour and gives off about 
0.88 cu ft of carbon dioxide. While 
life can be prolonged in a closed 
room without ventilating by reduc- 
ing the carbon dioxide content, the 
necessity of ventilating enclosed 
spaces containing many persons is 
quite evident. 

Many trials, especially in fortifi- 
cations and air raid shelters already 
constructed, have shown that an 
absolutely air tight room can be 
built only out of metal. With mas- 
onry or similarly constructed air raid 
shelters, in addition to the air leaks 
around doors and windows, there is 
also always the possibility of air 
leakage through the structure itself. 
Even in structures which appear to 
be air tight, gases will enter the 
shelter from outside with the slight- 
est outdoor air pressure. Therefore 
the importance of keeping the air 
within the shelter under a positive 
air pressure to keep poisonous gases 
out is quite evident and necessary. 

One method of maintaining a 
positive air pressure in the shelter is 
by the use of compressed air bottles. 
Such equipment requires very care- 
ful building construction for air 
tightness, otherwise too much com- 
pressed air would have to be used. 
The other method, which is the 
better one to use, is to obtain the 
required positive air pressure in the 
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shelter through the introduct 
gas filtered air taken from out 
and forced into the shelter by 
of fans. Such ventilation is 
sary in every shelter where 
people assemble and remain 
long period of time. 
Special attention must als 
given to the heat and moistur 
off by occupants of the shelte: 
for active persons amounts to 60 
Btu and 2530 grains of moistu 
hour per person. Under th 
sumptions, a shelter containing 10 
people would produce 60,00 
per hour and 36.2 lb of m 
The relatively cold walls, floors 
ceilings of the air shelter will : 
rally absorb some of this heat 
minimum required amount of 
be introduced into the shelter 
person every hour varies in the 
ferent European countries 
ample: Switzerland requires 
cfh; Germany 53 cfh; and, Fr 
70 cfh. These limited air quanti 
while probably sufficient for 
periods of occupancy in the sl 
would not be sufficient for long 
periods as sometimes the occuy 
must stay in the shelter 8 hou 
more at one time. The dew-pou 
generally quickly reached in a: 
raid shelter due to the cooling 
of the air by the shelter walls, floo 
and ceilings and the addition 
moisture by the occupants the 
selves. This is the reason that. eve! 
with European climatic conditions 
shelters must not only be ventilated 
but in many cases these shelters 
should also be provided with cooli 
and humiditv control. The desired 
air conditioning could probably 
obtained through the use of a 
eral and large amount of air but 
would reauire considerable ele 
power and larger equipment, al 
which should be avoided in air 
shelter design. That is the reas 
why complete ventilating systems 


| 
lt 
+} 


try 


are installed, not only for ai 
ment and gas filtering, but als 
heating by means of electricit 


warm water and for cooling 
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et water supply, well water or by 


mechanical refrigeration, the latter 
which requires necessary addi 
al electric and power equipment 
outside 


rovided independent of 
sources. 
\ir raid shelters may be ventilated 
in two ways: (a). by an air sup- 
ply and air exhaust ventilating 
system. The air is taken in from 
outdoors, either unfiltered or gas 
filtered and then blown into the 
shelter by a blower, putting the room 
: or rooms under pressure. Part of the 
air will escape from the building due 
to leakage through the structure 
itself and the remaining through 
specially designed excess pressure 
valves. (b). By complete recircula 
tion of the air, without the introduc- 
tion of any outdoor air, the recircu- 
lated air 
absorption of the carbon dioxide 
In this 
positive 


being regenerated by 
4 and the addition of oxygen. 

case, to maintain the 
pressure required in the room for 
safety, a certain additional amount 
of compressed air, generally pro 
vided by a bottle system, will be 
required. 

The following is a description of 
the special parts required and the 
precautions that have to be taken 
with such ventilating installations 
As it is possible to have an outdoor 
air intake blocked or destroy ed by 
an outdoor explosion, it is always 
advisable to have several outdoor ait 
intakes, located in different parts 
and sides of the building. If two 


outdoor openings are provided, one 








should be used for ventilation wit! 

out gas filtration and the other for 
use during poisonous gas attacks 
Such method of operation keeps on 
air intake clean of gas contamina 
tion. An air intake, through which 
poisonous gases have passed will be 
unclean and always remain unusable 
for a long time for ventilation with 
out the use of the gas filtering units. 
Following this precaution will avoid 
the possibility of having the air in 
the shelter poisoned by gases that 
may remain in the inlet duct. In 
addition to the clean air inlet to be 
located near the level of the street, 
if possible, another inlet should be 
provided, preferably in a location 
high above the street level. While old 
chimneys or similar masonry shafts 
can be used for such purposes if 
they are in good condition, it is 
better to use air passages built out 
of metal. 

Immediately at the point wher« 
the outdoor air enters the shelter, 
there should be provided an ait 
tight hand-operated damper, similat 
to type as illustrated in Fig. 1 
These dampers must be of heavy 
construction to protect them against 
possible damage by explosions out 
side of the air intake. Such dam 
pers must be operated quickly and 
should be so arranged that they ca 
be opened or closed with one move 
ment of the hand, and locked in posi 
tion by a brake arrangement similar 
to that used in automobiles \ 
similar hand-operated damper 
should be installed in the by-pass 
duct connection pro 
vided around _ the 
gas filter, Outdoor 
and conditioned air 
is distributed 


throughout the room 


or rooms with duct 








work so arranged to give posit 
and thorough ventilation to all pa 
of the structure 
The ducts 
structed of galvanized irot 


are generally 
located at the ceilings of 
as shown in Fig. 2. The air supply 
inlets should be adjustable tor 
direction and air quantity co 
and so arranged that the adju 
ments cannot be change 
occupants. 

As already explained, the exhau 
air will partly leave the sh 
air leakage through the building 
construction and the greater amount 
through the excess pressure valve 


provided for direct air discharg 





the outdoors The building wal 
are calculated for excess pres 

of from 5 to 10 millimeters wate: 
column Should — the 
system break down, or in cast 
failure of the outdoor air intake 
making air recirculating necessat 
these outlet valves’ must be clos 
air tight from the inside \it 
excess pressure valves of all met 
construction are preferable to thos 
using water for a seal as at a « 
moment there 1s a_ possibil 
failure of the water seal due to lac! 


Ol water or treezing 


r ntilator .) and | hy r Uperatin 
Pow 
OW? 


Due to the relatively high air p: 
sure drop caused by the gas filters 
is preferable to use fans of 
, 


blower type. The gas filters shoul 


be on the suction side of the blowe: 
so that the air is drawn through th 
filters. The reason for this is, shoul 
the outdoor air intake either leal 
or be contaminated, it is impossibl 
for poisonous gases to enter. tiie 


shelter before lirst being hltere 


The fan then blows the filtered 





Fig. 1—Outdoor air intakes showing special type of air Fig. 2—The duct system for a shelter in a bank. The ducts have to 


tight dampers 
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be designed so that they may be removed and thoroughly cleaned 
after their contact with poisonous gases 
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through necessary air heaters, air 
coolers and dehumidifying appa- 
ratus. A by-pass duct connection 
provided with a damper should be 
installed around the gas filter so that 
it is possible to ventilate the shelter 
without using the gas filters during 
periods when there is no gas attack, 
thereby saving wear and mainte- 
nance of the gas filters. 

lor normal operation of the blow- 
ers electric motors are generally 
used. Means for turning the blower 
by man power, in case of electric 
current failure, should be provided. 
Such manually operated equipment 
is recommended even if the shelter 
is provided with its own electric 
generating plant as the latter may 
fail in an emergency. 

For smaller installations, up to a 
maximum of 60 w, a hand crank can 
be used. The electric motor should 
be so arranged that it can be dis- 
connected from the shaft making it 
unnecessary to also turn it by hand. 





Fig. 3—Standard element gas filter 
showing position of single elements. 
According to the quantity of air, more 
or less of these elements are necessary 
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Fig. 4—Cross-section of a 
gas filtering element 
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For larger blowers, which cannot 
be turned by hand, a foot pedal 
drive similar to that used on a 
bicycle should be provided. With 
pedal operation it is also possible 
to attach a small dynamo for emer- 
gency lighting, at least enough to 
illuminate the room containing the 
equipment. A simple air quantity 
indicator should be provided on the 
blower discharge so that the oper- 
ator of the hand crank or foot pedal 
would know the speed at which he 
has to operate the fan to give the 
desired air quantities. 


Poisonous Gas Filters 


The poisonous gases used in mod 
ern chemical warfare may be divided 
into two types, (1) certain true 
gases, in the chemical sense, as for 
example phosgene, chlorine, etc. 
(2) clouds or smoke of suspended 
semi-solid particles, the so-called 
Poison Smoke or Arsin containing 
arsinical or other compounds. 

These poisonous gases are dis- 
charged by the enemy by various 
methods, as shells, bombs and 
pressure containers, all for the in- 
jury to or destruction of human life. 

In general, there are two different 
principles of filter construction, one 
is the block type and the other the 
standard element type. As the name 
implies, the block type is constructed 
in a single container and is effective 
in filtering out the arsine as well as 
the gas. With the block type of 
filter there is always present a possi- 
ble danger, as should the density of 
the carbon fill not be uniform over 
the entire filtering surface, some 


f 


x 





gases may pas: through the 
spots too quickly and consequc 
not be entirely eliminated. 
danger is increased if the filters | 
to be transported over great 
tances as in transit they migh: 
jarred. The resistance to the 
of air in the block type filte 
higher than for the standard ele: 
type, while the cost of the form: 
less than the latter. 

The standard element type oi 
ter is illustrated in Fig. 3. | 
composed of a large number of i: 
pendent elements, each ele 
being rated for a fixed quantit 
air, generally 530 cu ft per hou 
air, so for example 20 elenx 
would be required to filter 10 
cu ft of air per hour. In Fig. 4 
is shown a cross-section of or 
these elements. The air to b 
tered enters the element from 
sides. The air first passes throug 
a prefilter to take out the large: 
dust particles so as to protect t 














certain degree the following a1 
filter which is the most important 
part of the filtering system. T! 
arsin filter is composed of a spe 
filtering material which has an 
pearance similar to blotting pape: 
This material is folded in a circula: 
accordion fashion and gives 
greatest filtering area with 
least air resistance. The air passes 
through the center of the filter 
then flows over to the gas filter 
This gas filter is a small separat 
container and each element filters 
only a small quantity of air. The 
activated carbon in the gas filter 
placed into these small elements 





Fig. 5—Gas filtering system located in a Paris subway station. There 
are five filter containers, each container filtering sufficient air for 
1,000 people 
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very compactly and is pressed down 
by a spring so it cannot move, 
thereby preventing break-throughs 
of the air. The arsin filter and the 
carbon filter are screwed together 
as one unit. 

The total air flow resistance of the 
entire element type of filter is only 
50 millimeters water column, while 
the block type filters generally have 
an air flow resistance of 150 to 250 
millimeters. The greater resistance 
of the block type filter not only in- 
creases the power necessary to drive 
the ventilating equipment, but also 
is objectional when the equipment 
has to be turned by man power. 
Another advantage of the standard 
element type filter is the facility 
with which the elements can be ex- 
changed, as all elements are stand- 
ard and it is unnecessary to have 
exchange elements in each shelter. 
This type of gas filter has been 
adopted in England, France and 
Switzerland and now is also being 
used extensively in Germany where 
previously the block type of filter 
was used exclusively. A group of 
gas filters for a large shelter is 
shown in Fig. 5. 


Absorption of Carbon Dioxide 


The air to be circulated in a com 
plete recirculating system must be 
regenerated by the absorption of 
carbon dioxide in specially designed 
devices which have been developed 
for this purpose. Two such units, 
which are metal cases filled with 
soda and lime, can be seen in the 
background of Fig. 0, the air to 
be regenerated being drawn through 
these devices from below. In smaller 
systems the blower used in the ven- 
tilating system is also used for the 
absorbers, while in larger installa- 
tions a second blower might be nec- 
essary for the absorbers. As the air 
passes up through the unit the lower 
portion of the soda-lime is used up 
first. The device is so constructed 
that one single movement releases 
the used chemicals from the box 
below and one has simply to refill 
the device from the top. During 
the process of carbon dioxide ab- 
sorption heat is being developed, 
and to control this absorbing process 
two thermometers are attached to 
the absorber and the rate of flow 
of air adjusted so that the tempera- 
ture changes are kept within limits. 
The regenerated air is then dis- 
tributed throughout the shelter by 





Fig. 6—Mechanical equipment of a 300 person shelter located in Paris. To left 
are shown standard element gas filters and four bicycles for ventilating purposes. 
In the background are two carbon dioxide absorbers and on ceiling are ducts 


for air conditioning system. On right 


is the switchboard for the emergency 


Diesel generator and compressors 


means of the ventilating duct system. 
With the absorption of carbon di 
oxide a partial negative pressure is 
created in the shelter with the 
ensuing danger of poisonous gases 
entering through building structure 
leakage. To counter-balance this 
possible danger compressed air or 
oxygen from bottles must be added 
The use of oxygen is preferable as 
a make up for that used by the 
occupants of the shelter. There are 
other methods of absorbing carbon 
dioxide as with alkali peroxides, 
which at the same time also release 
oxygen. The disadvantage of this 
latter described system is that it 
needs special sources of heat and hu- 
midification of the air. Its applica- 
tion is relatively complicated and 
the necessary chemicals are expen- 
sive. The use of the soda-lime 
type of system is preferable as the 
system is cheaper and the chemicals 
are available in large quantities. 
For the addition of oxygen, the 
standard oxygen bottles available 
to the trade are used. Experience 
has proven the necessity of buying 
these oxygen bottles in peace time 
as with the start of a war, there is 
so great a demand for them, that 
few bottles are available for civilian 
use. The oxygen at a low pressure 
flows through a nozzle into the suc- 
tion side of the blower. There 
should be a scale indicating the exact 
amount of oxygen discharged, and 
the correct amount should be regu- 
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lated by the person in charge of the 
equipment so that not more than 30 
liters of oxygen per person are sup 
plied per hour. The adverse influ 
ence of having too much oxygen 1n 
As th 
possibilities of errors with hand 


the air is generally known 


regulation of the oxygen supply are 
many, it is advisable to install a 
meter similar to the standard gas 
meter to control the quantity of 
oxygen released in a given time. In 
this case, the scale should be so 
arranged that the person in charge 
of the shelter can easily check the 
output without having to make cal 
culations. An oxygen meter as well 
as the carbon dioxide absorber and 
the manometer are shown in Figs 
7 and 8. 


Heating 


Any heat required for the shelter 
should not be supplied from an out 
side source, due to the possibility 
of such service being interrupted or 
destroyed. As the occupants of the 
shelter give off considerable heat, the 
incoming air need not be heated 
to a temperature higher than 68 I, 
which air temperature is even warm 
enough with very low outdoor tem 
perature. Itis important to have the 
incoming air tempered, as experi 
ence has shown that the ventilating 
system cannot be used during the 
winter time if the outdoor air is not 
preheated. In several shelters where 
no provision for tempering the air 
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output, 


was provided, heating units had to 
be installed after the shelters were 
finished. 

The heating of shelters used for 
emergency hospital purposes 
requires more careful study and 
additional electrical heaters and 
equipment should be installed to 
supplement the heating provided by 
the ventilating system. In designing 
this additional equipment special 
attention must be given to the length 
of time required to heat up the 
shelter which should be relatively 
short. In some of these special shel- 
ters a second system of ducts has 
been used for recirculating part of 
the air, which is further heated, and 
such systems have proven efficient. 


Cooling and Drying 


In Switzerland, as already stated, 
106 cfh of air per person is consid 
ered a normal quantity of air to be 
introduced into a_ shelter, which 
amount is just enough to keep the 
occupants in a fairly comfortable 
condition. It is evident, however, 
that this amount of air would not 
be sufficient to remove the heat and 


At right, a standard element gas filter. 
oxygen bottles, pressure control and gas detector. On the ceiling, 
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humidity produced by a person and 
for this reason if this amount of air 
is used, the shelter would quickly 
become saturated, and the air tem 
perature rise rapidly. Therefore the 
cooling of shelters would seem an 
absolute necessity. To take care of 
this condition the quantity of air 
must be increased from the 106 cfh 
minimum to between 500 and 900 
cfh per person. This increased 
amount of air necessitates larger 
ventilating systems and equipment 
and increases the installation costs 
so greatly that in Europe only shel- 
ters where people do active work 
have been air conditioned. Some 
shelters have been dehumidified by 
silica gel units. The disadvantage 
of such systems is that while dehu- 
midification is provided for, no cool- 
ing of the air is effected, which in 
America is probably the most im- 
portant problem. An air condition- 
ing unit is shown on the right-hand 
side of Fig. 2 and a cooling coil is 
shown on the ceiling in Fig. 8. In 
this latter case the cooling is being 
done by water from the city water 
mains. 


Equipment in a 20 person private shelter located in England. 
At left is a carbon dioxide absorber. Above, a meter to control oxygen 


In the background, 


cooling coils for air conditioning the shelter 
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Emergency Power Equipmy «: 


As a protection against p 


breakdown or destruction of 


outside electricity service s 


1 


important sheiters have to be 


vided with independent emer 


electric generating plants. 


breakdowns in the outside ele 


supply systems might occu 
quently, it is advisable to 
emergency plants larger in c: 
than required, so that a part 


’ 
i 


| 


electricity generated can, in c 


an emergency, be supplied t 


of the building outside of the s! 
For the installation of emer; 


electric generators the fol 
items must be taken care of: 
(1) The generators, w 


Diesel engine or gasoline drive 


quire large quantities of air an 


required air should also be g 
tered. A separate gas filte 


blower should be provided { 


emergency generator. A cor 
air inlet can be used for bot! 


ventilating system and _ the 
gency plant. The emergency 


eT 


T) 
t 


blower need not be arranged 
operation by man power as 


Fig. 8—Same shelter as Fig. 7 seen from other side. 


ground is entrance lock to shelter 





In the hack 
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blowers need only operate when 
electricity is being generated. As 
the generator produces large quan 
tities of heat it is necessary to pro- 
vide air for cooling. On account of 
the large costs involved in gas filter- 
ing the air required for the emer- 
gency generator, many shelters have 
used the air coming directly from 
outdoors without gas filtering, while 
in several cases the excess air 
in the shelter has been used. The 
emergency generating plant should 
be installed in an air tight room 
as part of the shelter itself and have 
the same protection as provided for 
the other parts of the shelter. A 
small door is generally provided for 
communication between the two 
rooms. This separation is a neces- 
sity for two reasons; first the noise 
of the generator is considerable and 
is apt to upset the occupants of the 
shelter and make them more nervous 
and secondly, it eliminates the pos- 
sible danger of carbon monoxide 
gases escaping into the shelter. 

(2) All parts of the generating 
plant must be insulated against vi- 
bration and noise. Special care 
must be taken in the construction 
of the exhaust pipe and its discharge 
to outdoors must be as far away as 
possitle from the ventilating sys- 
tem’s outdoor air intake. The same 
precaution as taken in other parts of 
the shelter must be taken for the re- 
moval of the excess air in the emer- 
gency generator room, and heavy 
excess pressure valves must be pro- 
vided, controllable from the inside 
of the room. 

A Diesel generating unit is pref- 
erable to a gasoline driven unit even 
in spite of the higher cost of the 
former. A gasoline unit located in 
asmall room is a fire hazard. There 
is also the difficult problem of the 
gaSoline storage and the evacuation 
of the gasoline vapors from the en- 
gine. Smaller Diesel units up to 12 
kilowatt capacity can be started by 
hand. Larger units require an 
automatic starting device with com- 
pressed air. All this adds to the 
installation costs. The usual Diesel 
engine requires water for cooling 
for which purpose city water can be 
used. To be independent of this 
outside water supply requires either 
the installation of separate water 
tanks large enough to provide cool- 
ing water for several hours or the 
digeing of wells. 

\s fuel delivery in wartime is 


not dependable, it is evident that a 
sufficient amount of fuel must lb 
stored at one time to provide for a 
long period of operation. If the fuel 
is delivered to the shelter in barrels, 
a hand pump must be provided to 
transfer it into the storage tank. In 
addition to a large storage tank, it 
is advisable for safety in operation 
alse to install a small or day tank 
containing sufficient fuel for one 
day's operation. 


Accessory Equipment 


In large shelters where the reci: 
culation system of ventilation is used 
a special air compressor must be in- 
stalled to provide compressed air for 
filling the steel bottles. As the air 
compressor is generally used only 
after an attack, the load of the com- 
pressor motor need not be added to 
the load on the emergency generat 
ing plant. 

In cases where water is to be 
provided independent of outside 
sources, well water with a pump is 
used and this water is stored in 
pressure tanks using compressed air. 
Such equipment might be necessary 
in shelters several stories in height, 
especially for toilet use or for air 
conditioning systems. 

As it is desirable to have air raid 
shelters deep in the ground, a spe- 
cial pump has to be provided for 
sewage disposal from the sanitary 
system and this sewage is pumped 
into the regular community sewage 
system. These pipes have to be 
protected by siphons large enough 
to prevent the infiltration of sewage 
gases into the shelter. 

For shelters used as commander 
posts and telephone terminals special 
accumulator batteries are required. 
These accumulators can be combined 
with the emergency generator plant 
or a special transformer has to be 
installed. In either case no outside 
electricity supply should be used to 
start these accumulators. It must 
be remembered that the gases of 
these batteries are poisonous and 
must be removed by a separate ex- 
haust ventilating system. 


Operation 


The person in charge of the 
shelter and of the equipment must 
be fully informed and instructed as 
to the care, operation and purpose 
of the entire plant. It is also very 
important that framed typewritten 
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operating instructions be hung 
each shelter and these instructior 


; 


should be short and carefully wri 


en, All control handle Ss, valves 
switches, dampers, etc., and all 
apparatus and equipment should 


be numbered and have their purpose 
control, operation and name clearly 
stated in large letters. It must lx 
remembered that, in case of an air 
raid alarm, confusion and nervou 

ness always occur. 


CORROSION TOPIC AT 
WESTERN MICHIGAN 


March 10, IQd!. The March 
meeting of the Western Michigan 
Chapter was held at the Burdick 
Hotel, Kalamazoo, with 62 mem 
bers and guests in attendance 

Following the report by the treas 
urer, W. L. 
on the program for the annual meet 
ing and stated that it would be held 
late in May in Grand Rapids wit! 


Warnock commented 


the exact date and place to be an 
nounced later. 

The speaker of the evening, L. ] 
Collins, was then introduced and an 
instructive talk, which he illustrated 
by slides, was given on corrosion in 
steam heating systems. Special com 
ment was made to the effect that the 
corrosion problem will have to be 
solved by the heating and the chem 
ical engineers working together, and 
that neither of these would be able to 
do a satisfactory job alone. It was 
also pointed out that ample air vent 
ing tended to decrease the amount of 
oxygen and CO, which are the gases 
doing most of the damage 
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Palace Hotel June 16-20, 1941 San Francisco, Calif. 
| 
' (All Events on Pacific Standard Time) 
; . o 
Sunday, June 15 W ednesday, June 18 
/ 10:00 a. m. REGISTRATION—Palace Hotel (Concert Room 9:30 a.m. TECHNICAL SESSION—(Rose Room 
| Lobby Floor) Floor) 
2:00 p. m. Committee Meetings—(See Bulletin Board at Reg- The Application of Gas Fuel to Existing H 
istration Desk) soilers, by R. L. Grutzmacher 
¢ Mond J F The Thermal Conductivity of Wood. by 
' , ¢ 
} onday, June 16 epee 
8:30 a.m. REGISTRATION—Palace Hotel (Concert Room Effect of Insulation on Plant Performance: 
, Lobby Floor) ; Research Residence, by A. P. Keatz 
i 10:00 a. m. JOINT SESSION with Heating, Piping and Air Konzo 
Conditioning Contractors National Association An Analysis of Factors Influencine 
St. Francis Hotel (Colonial Room) W. L. Meisher Heat Losses. by Paul D. Close 
presiding 10:00 a. m. Ladies assemble for scenic ride to the int 
| (a) Invocation places of San Francisco—last Bus will lea 
(6) Singing “America ace Hotel at 10:30 a. m. and return at 3:00 
! (c) Greetings from San Francisco (Luncheon $1.00 in Sequoia Room of fam 
(d) Response by J. E. MecNevin, President, House overlooking Pacific Ocean and Seal R 
HPACCNA rransportation free) 
(e) Greetings by Clyde E. Bentley, President, 12:00 p. m. Pacific Heating and Air Conditioning Exposit 
Golden Gate Chapter, and Daniel Hayes, Civic Auditorium 
a reside ate i Ding ontractors 7 
I resident, Heating a f iping Contractors 7:00 p.m. Semi-Annual Banquet and Dance -alace 
Soon tation of San Francisco (Palm Court) Toastmaster. Dr. BMY 
(f) Program Announcements University of: California—Presentation 
(g) Group photograph President’s Memory Book to Dr. F. E. Gies 
(h) Address: A. Appleton, Pres. San Francisco “Site Diieiied”® te fhe C.D 1 
Bie. sc. stin nian eR RE (HPACCNA members invited)—Tickets at 
12:15 p. m. Joint Luncheon—Hotel St. Francis—Tickets $1.25 istration Desk $3.50 per person 
per person—sponsored by HPACCNA 
2:00 p. m. Opening of Pacific Heating and Air Conditioning Thursday, June 19 
Exposition—Civic Auditorium 
‘0 ‘am ; . . 9:30 a. ‘E iC SESSION ose R 7 
2:00 p. m. Golf Tournament, Lakeside Country Club a — HNICAL SESSION—(Rose Roo 
: ; : oor) 
2:30 p. m. Council Meeting R : of Society R hin C 
; . : . xesume Of Society Kesearch in Cooperatu 
7:00 p.m. Dinner and Dance—Hotel St. Francis (Mural ahs Bag meat wept 
Has: aly : stitutions, by A. E. Stacey, Jr 
Room—Tickets $3.50 per person—Sponsored by on Seige 5 oh eae Ye . 
HPACCNA) (ASHVE Members Invited) rhe Interaction Constant for Moist Air, by 
y LV 4 IX. ~ Members | . . . 
A. Goff and A. C. Bates 
Tuesday, June 17 Economical Air Velocities for Mechanica! 
Se : : ; Filtration, by F. B. Rowley and R. | 
10:00 a. m. Nominating Committee Meeting pee aes ~ 
; : . ae F ; Local Cooling of Workers in Hot Industry 
10:30 a. m. Ladies sightseeing trip via Golden Gate Bridge to FC ; 
‘ > . : : *. C. Houghten, M. B. Ferderber and 
Marin County, Muir Woods (Redwoods) and Mt. Gutberlet 
. Tr . n I 
Tamalpais (Luncheon $1.00 at Mt. Tamalpais Tav- : : 
~ ; 2 ep , , 11:30 a. m. Adjournment 
ern—Elevation 1500 ft—Transportation free) nie Uni : . Californi ' 
: 30 a. m. niversity < mig “hex spection 
Buses will return to Palace Hotel at 4:00 p. m. = nme » ol A a aoe gt . in ~ I 
; moana . , Via San Francisco-Oakland Bay Bridge suses 
1:30 p.m TECHNICAL SESSION—(Rose Room—Lobby ; ' ; 
oles , Claremont Hotel, Berkeley, assemble at New M 
Floor) By} gomery entrance Palace Hotel 
Ame . v-Laws ms he se 
\mendments to DB} wwe , ae 12:00 p. m. Pacific Heating and Air Conditioning Exposit 
Panel Heating and Cooling Analysis, by B. F. ne ae 
: : - Civic Auditorium 
Raber and F. W. Hutchinson ai ; “ u Lk 
| Weather Data for Cooling Design Application, = Pons con at ‘ pes otel (opansn ! 
, rans Z : -unche ~ke .75 pet 
by J. D. Kroeker oy rca “ — tickets $1 pe 
. . . . * * , S ° - > “Lee . RS . 
| Concerning Conservation of Underground Water on; funcheon ticket only .85c) 
with Suggestions for Control, by Noel E. 1:30 p. m. Bu es leave ( laremont Hotel for Uni 
| Porter Campus, entrance via Sather Gate 
| Recent Developments in Absorption Refrigera- 2:00 p.m. Ladies sightseeing trip through University of 
tion, by Glen Miller fornia Campus and Buildings 
| 12:00 p. m. Pacific Heating and Air Conditioning Exposition 2:00 p.m. TECHNICAL SESSION—University of 
| Civic Auditorium fornia, Engineering Building (Room 104) 
7:00 p. m. Sightseeing (as selected by individual members; no Performance Characteristics of a Forced D 
¥ planned Entertainment) Counterflow Spray Cooling Tower, by H: 
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H. Niederman, FE. D. 


Howc - 


John P. 


Long 12:00 p 


m. Pacific Heating and Air C 


ynditioning Expositior 





well, Ralph A. Seban and L. M. K. Boelter to Civic Auditorium 
. . . . 0:30 
» p.m. Inspection trip for men through cyclotron and engi- 19:00 p. m 
neering laboratories 2:00 p. m. Inspection trip for men and women to Pacific Gas 
. . . . . “ ‘lectr oO \tatio “A” ' spor tion hy 
»p.m. Buses will leave Campus for return trip to San and Electric Co., Station “A lransportat 
Francisco as soon as loaded (last Bus to leave Buses 
International House after Tea) 
::30 p.m. Tea for members and ladies at International House, Committee on Arrangements 
University of California G. M. Simons General Ct an; Clyde E. Bent 
’ Cc} rman B M ocds Vue Cc} rar 
iia RECEPTION COMMITTE! Jared A. H ( ( 
Friday, June 20 G. eHarrison, R Holland, G. C. Cummings, George K. B: 
pasts . TRANSPORTATION COMMITTEE: R. A. Folsom, § 
ASHVE—JOINT PROGRAM—HPACCNA Wm. E. Gee, R. A. Parker 
. ' Ty ENTERTAIN MEN1 COMMITTEE: Clarence 1. Pete 
10:00 a. m. Sightseeing and Inspection Trips Chairman; Frank W. Hook, (¢ ). Williams, Clark E. W ' 
ext BANQUET COMMITTF} ctl H. Pectcese Chnteneny 3 
10:00 a. m. Ladies shopping tour in San Francisco downtown A. Marshall, H Haley 
: . . . “<c . ” LADIES COMMITTE! |. I Kooistra, Chairmar Mr | 
district See tamous Gumps Store and novelty Kooistra. 7 ’ Whi Mrs. 7 | \ hite Mascon } s Me 
! in Chinatown (all within walking distar Mason Emanuels 
a x " a PUBLICITY COMMITTEE: E. W, Simons, Chair: oO. W 
from Palace Hotel) Johnson, Edward J. Rosen 
se on . a . FINANCE COMMITTEI \ | BR ( ' | iH 
10:00 a. m. Golf Tournament ASHVE ws. HPACCNA Cochran, James Krueger 
are . 2 | K ( ’ 
Leave Palace Hotel by Taxi for Lakeside Country - — rs ‘OMMIT! e: FW w.% 
Club (cost $1.00, maximum for 4 persons—Greens COMMITTE! PERNA +, S: I Co H 
‘ . ' I | ‘i < W illias Gee t 
fees $2.00—Assemble at Lakeside Locker Room) 











Pacific Coast Bids ASHVE Welcome 


HE Golden Gate Chapter is ready 
to welcome the members and guests 
arriving in San Francisco for the 
Semi-Annual Meeting of the 
Society of Heating and Ventilating Engi 
neers, 1941, and all 
have been completed to make this a suc 


Hotel 


“welcome” mat 


\merican 


June 16-20, plans 


cessful meeting. The Palace will 


headquarters, and the 


is out. 
On Monday the Society will hold a 
Joint Session with the Heating, Piping 


and Air Conditioning Contractors Na- 


tional Association, which holding their 
52nd Annual Convention with headquar- 
ters at the Hotel St. Pres. W. 
L. Fleisher will preside at this Joint Ses- 
Hotel and Clyde 
Golden 


will 


Francis. 


Francis 
President of 


sion at the 
E. Bentley, 
Chapter of the 
members and guests, 
President of the local Contractors group 
Piping 


Gate 
Society, greet the 
while Daniel Hayes, 
will represent the Heating and 
Contractors. 


Following this session there will be a 


luncheon for both the Society members 
and friends and the Contractors group 
and guests, and in the afternoon they 


will attend the opening ceremonies of the 


Heating and An onditioning 
Audit: 


, 


Pacific 
Exposition at the Civic rium, the 
ave been mack 
York 

luncheons, 


been at 


which 
New 
trips, 


arrangements tor 
by Charles F. Roth, 

Numerous sightseeing 
tours have 


teas and shopping 


ranged to take care of the ladies, who 
will have little time to themselves if they 
wish to take part in all the activities 


scheduled for them. They will enjoy 


} 


lunching on Mt. Tamalpais, 1500 ft ele 


vation, planned part of the sightseeing 


trip on Tuesday, and on Wednesday they 
to enjoy lunch 
overlook 
Rocks 


being entertained, 


will have an opportunity 


eon in the famous Cliff Hous 


ine the Pacific Ocean and Seal 


While the 


the members and gt 


ladies are 


rests will have four 
attend and will 


to take 


cussions on such subjects as panel heat 


Technical Sessions to 


have an opportunity part in dis 


ing and cooling, weather data for cooling 
conservation of underground wa 


fuel 


design, 


ter, use of gas in heating boilers, 


conductivity of wood, effect of insulation 


on Research Residence performance, 
interaction con- 


work- 


pertormance ot 


building heat losses, the 
stant for moist air, local cooling of 


ers in industry, and the 


i forced draft cooling towe 

The Semi-Annual Banquet and 
1s scheduled lor W ednesday evening 
G. M. Simonson, General Chairma f 
Arrangements, has announced that a 
plans have been completed 1 the ba 


quet in Palm Court, at which Dr. B. M 
Woods, University of California, will a 
as toastmaster. Armand Gurard will 

master of ceremonies and music will bx 


furnished by Larry Cannon's orchestra 


During the banquet, Dr. F. E. Gies« 
will be presented with the Past Pres 
dent’s Memory Book, and Dr. C. D. Leal 


will speak on “Human Engineering 

A. E. Stacey, Jr.. Chairman of th 
Committee on Research, will deliver 
Resumé of Society Research in Coopera 


' 
ting Institutions at the Thursday morni: 
session. Mr. Stacey's talk will cover a 


brief digest of current research invest 


slides 


equipment ot 


gations illustrated with descriptive 


showing apparatus and test 


the various schools 


An interesting session has been ar 


ranged for Thursday afternoon at the 


University of California, with an 


tion trip through the cyclotron and engi 


neering laboratories 





Re SOLVE “d: 
the Council. 


tions received from Chapters or members 
advantage to the general membership, 


6—That the r 
7—That the display of samples, 
permitted at the booths, 


to Poe the details of transportation, 
to confer frequently with the Council, 


10—That the 


as. 


That inasmuch as the Annual and Semi 


the following rules gove rning the handling of such meetings be adopted by the Council and published in 
the JouRNAL of the Society at least twice during every year, preferably just prior to each meeting. 


1—The Council will select the city in which the 
as well as to the 
and to reduce as far as possible the 
} 2—That an appropriation be made to cover the 
ing $500.00, the regular meeting expense to be 
3—That no registration fee or compulsory obligations of any nature be imposed on members or guests 
4—That the purchase of tickets for banquets or for any other form of entertainment that 
5—That the grouping of features and the 
raising of funds from manufacturers of heating apparatus be 
or of literature, advertising the 
registration desk, 
° -That the distribution of trade papers be entirely at the discretion of the committee in 
-That the local ( hapter or local members be empowered to forn 
hotel 
through the 
with the various matters being handled by them. 
arrangements of elaborate and costly 
Adopted at Council Mecting, January 29, 


Method of Choosing Location of, Financing and Conducting Meetings of the Society 


Annual Meetings of the 


Annual or Semi-Annual Meeting is to be 


entertainment or cece expenses, 


taken care of by the General Fund of the 


sale of tickets for group features be discourage: 
discouraged 
product of any 
or in or about the mectings 

a General Committee 
accommodations, entertainment, fimance, etc., 
Secretary of the Society, and to make 
entertainment features be disc« 
1926. 


»ociety 


advisalnlity of so distributing thos« 
expense of me mil 
incurred 


irequent 


irage d 


come under the jurisdiction of 





‘ har ge 


held, giving due consideration to the invit 
meetings as to make them of the greatest 
attending 
connection with the meeting not exceed 
Society in the regular way 
may be provided be entirely voluntar 
| 
manufacturer in any way, shape or form, be not 
such sub-committees as may be required 
that this General Committee be requests | 
reports on progress ' mnect 1 
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ANUFACTURERS of heating 

and air conditioning equipment 

from all parts of the United 
States have enrolled in the Pacific Heat- 
ing and Air Conditioning Exposition, 
June 16-20, in the Exposition Auditorium, 
San Francisco. Sponsorship by the 
AMERICAN Society OF HEATING AND 
VENTILATING ENGINEERS, in connection 
with its first Pacific Coast meeting, sup- 
ports the prospect of a professional at- 
tendance of leading scientists, technolo- 
gists and engineers also national in scope, 
as well as a substantial regional attend- 
ance, 

Included among the exhibitors are lead- 
ing producers of practically every type of 
appliance known to the air conditioning 
art in the adjoining fields of air condition- 
ing for human comfort and air condition 
ing for industry. 

This list gives assurance that the Ex- 
position will afford a valuable and com- 
prehensive review of the latest develop- 
ments in the field at a time when the 
western region is in a most receptive situ- 
ation. The West Coast territory is now 
undergoing the greatest industrial expan- 
sion it has ever known, with industrial 
progress being dramatized by the inaugu- 
ration and completion of power projects, 
public works, airplane factories, ship- 
yards, munitions plants, multiple dwelling 
operations, and the great stimulation of 
retailing and service to the consumer in 
duced by shifts of population, increased 
employment, and enlargement of purchas- 
ing power. 

The display is under the management 
of the International Exposition Company, 
of New York, which has organized and 
operated all of the International Heating 
and Ventilating Expositions held since 
1930. It has therefore been assembled on 
a national scale, but with special empha- 
sis on the types of equipment specially 
suited to the locality. Charles F. Roth 
is manager, and E. K. Stevens associate 
manager of the Exposition. 

Audience appeal has been directed 
principally to the 11 western states by a 
widespread distribution of invitations to 
executives, superintendents and operating 
engineers associated with industrial, com- 
mercial and institutional enterprises, hous- 
ing projects and private dwelling con- 
struction. Also included among those in- 
vited are investors, Owners, supervisors, 
administrators and others classed as po- 
tential buyers and users of heating and 
air conditioning equipment. 

Also qualified by vocational interest to 
receive invitations to the Exposition are 
architects and builders, and others associ- 
ated with construction materials and 
building supplies. An important conting- 
ent of visitors is further assured by the 
52nd Annual Convention of the Heating, 
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Exposition 


Pipmg and Air Conditioning Contractors 
National Association, during the period 
of the Exposition. 

Although the heating and ventilating 
expositions generally are closed to the 
public, in order to avoid overcrowding by 
mere curiosity seekers, provision has been 
made at the Pacific Heating and Air 
Conditioning Exposition for admission of 
persons representing mercantile and serv- 
ice concerns which deal with the public 
and therefore have a direct interest in 
viewing the scope of the art, studying its 
possible applications and meeting and 
consulting with representatives of manu- 
facturers as well as engineers and con- 
tractors. 

The Advisory Committee of the Ex- 
position is composed of the following : 

E. O. Eastwood, first vice president, AMER- 
1cAN Soctery or Heating ano VENTILATING 
ENGINEERS and head of the Department of 
Mechanical Engineering, University of Wash 
ington, chairman; H. H. Douglas, Pres., South 
ern California Chapter, ASHVE, Air Condition 
ing and Heating Engineer, Southern California 
Edison Co.; J. H. Gumz, Pacific Gas & Elec 
tric Co.; M. J. Hauan, Pres., Pacific North 
west Chapter, ASHVE, Consulting Engi 
neer; Daniel Hayes, Board of Directors, 
Heating, Piping and Air Conditioning Contrac 
tors National Association; J. E. McNevin, 
Pres., HPACCNA, Manager Colorado Heating 
Company. 

N. Il Peterson, Past Pres ‘ Golden Gate 
Chapter, ASHVE, Manager, Trane Co., San 
Francisco; T. E. Taylor, Pres., Oregon Chap- 
ter, ASHVE, Consulting Mechanical Engi 
neer; Dr. B. M. Woods, Research Committee, 
ASHVE, Professor of Mechanical Engineer- 
ing, University of California; and Charles F 
Roth, Manager, and E, K. Stevens, Associate 
Manager, of the Exposition. 


Exhibitors 
812 ..Aerofin Corp 
Sai... ....Air-Maze Corp 
714. Alco Valve Co. 
403-40 Aldrich Co. 
- American Air Filter Co., Inc 
411 American Artisan 
Rawves .- American Society or Heat 


ING AND VenTILATING Ener 
NEERS 
635... Anemostat Corporation of 


America 


| ..Atlas Heating & Ventilating 
Co. Ltd. 

934... . .. Basford Co., H. R. 

516-518. Bell & Gossett Co 

621... Brown Instrument Co 

is wha ties California Arts & Architec 
ture 


Space to be 
assigned. . California Division of Mines 
§15-S17.. Carrier Corp. 


532 & 629.. .Chicago Pump Co. 


TS ood x at .Cole-Sullivan Engineering Co. 
410. “~ Detroit Lubricator Co. 
609... .....Domestic Engineering 

eich nies daa. Dowagiae Steel Furnace Co. 
722. - Dunham Co., C. A. 
re ....Edison, Inc., Thomas A., In- 


strument Division 
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sy. 


nw 


a 


617.. 


E and F 


906 
909... 
411. 
909. 
904. 
909 
915-917 


621... 


S10 


826-828. 


912-—914-916-918.. 


714.. 


GOB. cacce 


412 & 509.. 


524-526 


Fairbanks, Morse & ( 


.Fedders Mfg. Compar 
.Fraser Furnace Co 


..Fraser & Johnston Cor 


Friez & Sons, Julic 


Div. of Bendix Aviatior 


.Fulton Sylphon Co. Ir 


General Controls 


.General Electric Co 


Air Conditioning and 
mercial Refrigeration D 


.Grinnell Company 


Pacific 


.Heating Equipment ( 


.Heating, Piping & A 


ditioning 

Iilinois Engineering 
Illinois Testing Labor 
Inc. 

Independent Pneumat 
Co. 

Ingersoll Steel & Dis 
Borg-Warner Corp 
Johnson Co., S. 7 
Johnson Service ( 
Kaye & McDonald, Ir 
Keeney Publishing C 
Kewanee Boiler Corp 


.McDonnell & Miller 


..Martin, J. 0. & C. U 


.Mercoid (¢ orporation, I 


Minneapolis-Honey wel! 
lator Co 

Montgomery Brothers 
Nash Engineering (: 
Owens-Corning | 
Corp. 


.Pacific Gas and Electr 


Pacific Gas Radiator 


.. Pacific Scientific Co 


Penn Electric Switch ¢ 
Peterson Company, N« 
-Randall Graphite Pr 
Corp. 

Ray Oil Burner Co 
Reznor Manufacturing 
.Ric-wil. Company, The 
Sarco Company, In 
Skuttle Sales Company 
Spang Chalfant, In« 
Torrington Mfg. Co 
Trade-Wind Motorfans, 


t 


.Triplex Heating 51 


435.... 
Co. Inc. 
418... .Tuthill Pump Company 
421.... .Tuttle & Bailey, Inc 
o22.... United States Registe: 
Bastedénseanbauea Utility Fan Corporation 
521 .. Waterloo Register C 
dco hscaseeded Webster Electric Com 
cea 3 ..Webster & Co., Warre: 
Os ches Vie te ds .Western Blower Co. 
Beovesne ..Westinghouse Elect: A 
Mfg. Company 
714 . White-Rodgers Electr 
St. Louis, Mo. 
BR csiiveduseewes Young Radiator Compa 
Gbvccces tks cesys Zink Company, John 
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10:00 a, m, 


8:30 a. m. 
10:00 a. Mm. 


2:15 p. 


io 


7:00 p. m. 


9:30 a. m. 


12:30 p. m. 


7:00 p. m, 


200 p. m. 


nN. 


00 p. m. 


PROGRAM 


52nd Annual Convention 


HEATING, PIPING AND AIR CONDITIONING CONTRACTORS NATIONAL ASSOCIATION 


Time given is Pacific Standard Time 


Sunday, June 15, 1941 


Meeting of Board of Directors 
Monday, June 16, 1941 
Registration of Members and Guests 
Joint session with the American Soctery or Heat 
ING AND VENTILATING ENGrneeRS, Hotel St. Fran 
cis 
Walter L. Fleisher, President, ASH VE, presiding 
Invocation 
Singing of “America” 
Greetings from San Francisco 
Response by J. E. McNevin, 
HPACCNA 
Greetings by Clyde E. Bentley, 
Golden Gate Chapter, ASHVE 
Greetings by Daniel Hayes, President, Heating 
and Piping Contractors San 


President, 


Association of 
Francisco 
Program announcements 
Photograph 
Address— 
Joint luncheon with AMERICAN Society or HEATING 
AND VENTILATING ENGINEERS, Hotel 
Opening of & Air 


St. Francis 
Pacific Heating 
Exposition, Civic Auditorium 
Annual Dinner and Dance, Hotel St. Francis 


Conditioning 


Tuesday, June 17, 1941 


Call to Order 

Report of Credential Committee 

Appointment of Convention Committees 

President's Address—J. E. McNevin 

Convention photograph 

Repert of the Treasurer—S. Austin Pope 

Report of Auditing Committee—John N. Nelles 

Report of Boiler Output Committee—Harry M. 
Hart, Chairman 

Discussion of Report 

Report of Publication 
Nachman, Chairman 

Discussion of Report 

Address— 

Report of Committee on Welding 
Magan, Chairman 

Discussion of Report 

In Memoriam 

Announcements 

Adjournment 

Luncheon for Advertisers in Official Bulletin 
Secretaries’ 


Committee—George P. 


Thomas I 


Conference 
Round Table Discussions 
Committee chairmen will arrange group meet 
ings for those who wish to discuss special sub 
jects at greater length than is possible on con 
vention floor 


Exposition and Sightseeing 
Wednesday, June 18, 1941 
Call to Order 


Report of Membership Committe: 
Driscoll, General Chairman 


William H 


Hy iC , . 
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President, 


ce seal 3 Lf ; , 
{// Sessions Wii oe wv ! d ‘ [ ih ‘ 


Discussion of Re port 


Report of Committe Standart A. F. D 
Chairman 

Discussion of Report 

Report of Committee on Air ¢ it 
Buensod, Chairmat 

Discussion of Report 

Report of Secretary—Joseph ¢ itt 

Report of Committec \pprentt ‘ 
V. Hoier, Chairman 

Discussion of Report 

\ddress (Defense Constructi 

Report of Committee ra Py t 


Ambler, Chairmar 
Discussion of Report 


win P 


Heating Industries | 


Report on Plumbing and 


reau—George H. Dickers 

Conditions in the Industry—Reports Jenjat 
S. Bacon, New York, (Atlantic Seal 
Merwin Porter, Minneapolis (Mississippi \ 
lev), and by | Mortarty Los Angel |’ 
(oast) 

Thursday, June 19, 1941 
9:00 a. m. Call to Order 


Report on Committee of Ten—Coal and H 


Industries, Harry M. Hart 
Report on American Standards Associat 
Harry M. Hart 


“ 


Report of Committe 
Smith, Chairman 

Discussion of Report 

Address—“Practical Benefits of the I.B.R. R 
search Program”—R. E. | General Mat 

The Radiat 

Manufacturers 

Heating 


cTry, 


Institute of Boiler and 


cer, 


Radiator in the Small Home 


Address—Selling Radiator Heating in the Sn 
Home Field, by Walter H. Oleson, Executive 
Manager of the Heating, Piping and Air | 


ditioning Milwaukee 
Address—lInstalling Radiator 
Small Home, by J. A 


{ssociation 
Heating i t 


Liungeren. Chicago. Il 


Address—Employer and Employee, by Willian 
C. O'Neill, General Organizer of the U) 
Association of Journeymen Plumbers ai 


Steam Fitters 


Report of Convention Committees—Nominating 
Committee, Resolutions 
Election of Officers 
Installation of Officers 
Unfinished Business 


New 


Announcements 


Committee 


Business 


Adjournment 


2:00 p. m Meeting of Board of 


Directors 
Inspection Trip to University of Californi 


7:00 p. m. Exposition 
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PHILADELPHIA NOMINATES 
OFFICERS 


April 10, 10941. The regular 
annual meeting of the Philadelphia 
Chapter was held at the Engineers 
Club and was well attended. The 
meeting was called to order by Pres. 
C. B. Eastman and the minutes of 
the March meeting were read and 
approved. 

Following the report by the treas- 
urer, E. K. Wagner reported that 
the auditing committee had exam- 
ined the accounts of the Chapter and 
found them to be correct. 

J. H. Hucker spoke of the work 
the publicity committee is doing in 
connection with the Annual Meeting 
of the Society to be held in Phila- 
delphia in January 1942, and re- 
quested the members to submit 
slogans in competition, for use in 
the publicity in connection with the 
1942 meeting. He mentioned that 
a suitable award would be given at 
the May meeting to the member 
whose slogan was selected. 

President Eastman then read the 
By-Laws, Article VIII, Sections 3, 
j and 5, governing the nomination 
of officers and appointed Messrs. 
W. F. Smith, W. J. Searle, Jr., and 
J. H. Hucker as tellers. The list 
of names proposed or officers for 
the ensuing year by the nominating 
committee was then read, and as no 
additional nominations were made 
from the floor, it was moved, sec- 
onded and carried that the nomina- 
tions be closed, and the secretary 
was instructed to cast the ballot for 
the following: President—H. B. 
Hedges; First Vice-President 
H. H. Mather; Second Vice-Presi- 
dent—Edwin Elliot; Treasurer- 
A. C. Caldwell; Secretary—R. D. 
Touton. 

President Eastman thanked the 
chairmen of the various committees 
for their faithful service rendered 
during his administration, and ad- 
vised the members that the funds 
borrowed for incorporating expenses 
had been repaid from the profits of 
the Year Book which was so effi- 
ciently edited under the direction of 
the chairman of the Year Book 
Committee, P. L. Pryibil. 

On motion of A. J. Nesbitt, duly 
seconded and unanimously carried, 
a rising vote of thanks was extended 
to President Eastman for his able 
guidance of the Chapter during his 
term of office. 
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H. B. Hedges, chairman of the 
membership committee, was called 
upon by President Eastman to re- 
port on the work of his committee, 
and then the meeting was turned 
over to H. H. Mather, chairman of 
the meetings committee, who an- 
nounced the May golf meeting at 
Bala Golf Club. 

An unusually interesting sound 
film was shown by the courtesy of 
the Owens-Corning Fiberglas Co., 
picturing the manufacture of glass 
wool as used for insulation purposes, 
and its development for many uses 
other than for insulation. 

S. R. Arem, Jr., engineer of the 
Westinghouse Electric and Mfg. 
Co., spoke on the subject of electro- 
static air cleaning. Lantern slides 
were used to illustrate Mr. Arem’s 
talk, and a practical demonstration 
was given of the operation by the 
use of a portable electro-static air 
cleaner. His address was well re- 
ceived and following a general dis- 
cussion from the floor the meeting 
adjourned. 


PROFESSOR EASTWOOD 
VISITS PITTSBURGH 


April 16, 1941. The April meet- 
ing of the Pittsburgh Chapter was 
called to order by Pres. E. C. 
Smyers in the Marine Room of the 
Hotel Roosevelt. The minutes of 
the previous meeting were approved 
as read, and all reports and other 
business, except the report of the 
nominating committee, were dis- 
pensed with because of the length of 
the program. 

A. F. Nass, chairman of the nomi- 
nating committee, submitted the fol- 
lowing candidates for election at the 
May meeting: President—E. C. 
Smyers; Vice-President—C. M. 
Humphreys; Secretar y—T. F. 
Rockwell ; Treasurer—L. S. Maeh- 
ling; Board of Governors—F. C. 
McIntosh, G. G. Waters and H. B. 
Steggall. 

President Smyers then introduced 
Prof. W. Trinks, head of the de- 
partment of mechanical engineering 
at Carnegie Institute of Technology, 
who visited the Chapter in honor of 
Prof. E. O. Eastwood, First Vice- 
President of ASHVE and head of 
the department of mechanical engi- 
neering at the University of Wash- 
ington, Seattle. Professor Trinks 
spoke briefly on education and engi- 


neering and then the meeting 
turned over to Professor Eastw 

Professor Eastwood first 
sented the greetings of the Co 
of the Society and then went int: 
topic of Engineers in National 
fense. He devoted his time ma 
to the manufacture of airplanes 
the development work which | 
precede the manufacture. He 
spoke at length on the problem 
heating and cooling airplanes. 
afdience showed great interes’ 
Professor Eastwood's address, 
upon motion of J. F. Collins, ]) 
vote of thanks was extended 
speaker, and the meeting adjou 
at 10:05 p. m. 


WESTERN NEW YORA 
ANNOUNCES CANDIDATES 
April 14, 1941. The mont 
meeting of the Western New Yo 
Chapter was held at the Iroquois 
Gas Corporation Bldg., Buffal 
N. Y., and the minutes of the F: 
ruary meeting were read and 

proved. 

Pres. C. A. Gifford appointed 
J. J. Landers and W. E. Voisinet 
on the auditing committee to audit 
the books of the treasurer. W. k 
Heath announced the forthcoming 
visit of Prof. E. O. Eastwood 
Seattle, Wash., first vice-president 
of the Society, stating that ther 
would probably be an_ informal 
luncheon in his honor. 

President Gifford then announced 
the scheduled Council Meeting 
Toronto and requested that as man) 
members of the local chapter 
possible be present at this meeting 

M. C. Beman reported that 
toard of Governors had nominated 
the following list of members f 
officers for the vear 1941-1942 
President W. R. Heath: First 
Vice - President —H. C. Schafer: 
Second Vice - President a 
Ouackenbush; Treasurer—B. | 
Candee; Secretary—Herman Se 
bach, Jr. 

C. W. Farrar said that a gro 
was being organized to visit Toron' 
to present an invitation to the Cou: 
cil of the Society for a Buffalo meet 
ing in 1944. 

The speaker of the evening, H 
Volgenau, Assistant Secretar) 
Buffalo Chamber of Commerce. w 
then introduced, and gave the Cha 
ter a very interesting talk entit! 
Home Building Gets a Lift. 
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ATLANTA MEMBERS MEET 
ipril 4, 1041. The regular 
nthly meeting of the Atlanta 
hapter was held at the Biltmore 


n 


. 
Hotel, and was called to order by 
Pres. S. W. Boyd, with 13 mem- 
bers and guests in attendance. Fol- 
lowing the introduction of various 
members present, the minutes of 
the previous meeting were read by 
L. F. Lawrence, Jr., in the absence 
of Secretary Koch. 

C. L. Templin, in reporting for 
the membership committee, advised 
that 18 new members have been 
brought into the Society since the 
beginning of the year, and he fur- 
ther stated that the Chapter should 
continue in its active work in secur- 
ing new members. 

L. F. Kent outlined the business 
covered at the 47th Annual Meet- 
ing of the Society in Kansas City 
in January. He brought out the 
fact that the Speakers Bureau of 
the Society will be changed to the 
Local Chapters Committee, which 
will coordinate the work of the 
chapters throughout the country. 
He stated that the Chapter Dele- 
gates will comprise this Committee. 
He also mentioned that all chapters 
were urged to plan their meetings 
for the coming year and after some 
discussion from the floor, it was de- 
cided that the program committee 
take this under advisement. 

President Boyd then introduced 
W. S. Shipley, chairman of the 
board, York Ice Machinery Corp., 
who gave a very clear picture of the 
operation of the defense program, 
particularly as regards to plant pro- 
duction. He urged every member 
present to do his best in an effort 
to cooperate with the defense pro- 
gram to keep production on an in- 
crease. 

The meeting was then turned 
over to F. L. Laseter, who con- 
ducted an open discussion of the 
heating code which the chapter has 
for consideration. Inasmuch as the 
question of the Atlanta Chapter’s 
participation in the writing and 
handling of this code was taken up 
at the Kansas City meeting, Mr. 
Kent read a portion of the minutes 
ot the Chapter Delegates Confer- 
ence, in which the Chapter was ad- 
vised that the Society could not 
lend its official stamp of approval 
to any code. However, it was 
urged that all members be of any 


assistance possible in formulating a 
suitable code which in its final form 
would be turned over to the City 
Officials. 

There was considerable discus 
sion from the floor and inasmuch 
as time did not permit each mem 
ber to state his reaction and sug 
gestions for possible changes in the 
code, Mr. Laseter asked that all 
questions of this nature be sent di 
rectly to him. With no further 
business the meeting adjourned at 
10:30 p.m. 


LOCATING NATIONAL 
DEFENSE INDUSTRIES 
TOPIC AT IOWA 


March ir, 1041. The March 
meeting of the Iowa Chapter was 
held in the Memorial Union, Ames, 
la., and was attended by 28 mem 
bers and guests. Pres. R. A. Nor 
man presided, and following dinner 
it was decided to dispense with the 
regular business meeting to provide 
more time to the speakers. 

Prof. E. S. Lynch, Economics 
Dept., Iowa State College, then 
gave an interesting discussion on 
the effects of locating National De- 
fense industries at various points 
throughout the country, presenting 
facts he has gleaned from his work 
with government officials in this 
connection. He showed the similar- 
ity between engineers and econo- 
mists on this industry location 
problem, and pointed out that 
Washington's attitude is that the lo 
cation of the various Defense indus- 
tries must be considered from 
the Defense standpoint only, not 
whether the industry would be a 
better help to one district than an- 
other, trying, however, to cause as 
little dislocation and after-the-war 
social problems as possible. 

Dayton Brundage of the Chicago, 
Northwestern Railroad Co., who is 
in charge of air conditioning equip- 
ment on passenger trains, then dis 
cussed a number of the problems 
he has encountered in this work. 
These problems included humidity, 
temperature control, distribution of 
air, training of men to operate the 
air conditioning unit, ete. 

‘ebruary 11, 19041. The February 
meeting was held at the Fort Des 
Moines Hotel, Des Moines, and was 
attended by approximately 20 mem- 
bers and guests. President Norman 
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opened the meeting, and the min 
utes of the last meeting were read 
and approved, followed by several 
announcements by the secretary 

President Norman reported as of 
ficial delegate to the 47th Annual 
Meeting of the Society in Kansas 
City, first reading a letter from | 
K. Campbell, Kansas City, a mem 
ber of the Council, commenting on 
the functions of chapter committees 

Then President Norman urged 
that the lowa Chapter have two del 
egates to the Annual Meeting, and 
that one of these men always be 
the one to attend the following 
year in order to insure continuity 
For example, he recommended that 
the president be one delegate and 
the vice-president, who is also chai: 
man of the program committee, be 
the second delegate, as he would 
normally be the president for the 
following year. It was left that the 
appointment of the chairman of the 
meetings committee as the second 
delegate be considered. 

Eugene Olson, Iowa State Col 
lege, then made some comments on 
the Heating and Ventilating Con 
ference scheduled for April, an 
asked for suggestions During 
the discussion President Norman 
pointed out that he was somewhat 
disappointed in last year’s Confer 
ence, feeling that enough peopl 
were not being reached. It was 
agreed, however, that the Confer 
ence is a good thing and should be 
continued and that every effort this 
vear would be made to reach thos« 
who would benefit most by the Con 
ference, and also to make it as 
practical as possible. 

President Norman then made 
some comments about chapter meet 
ings and programs, and suggested 
the possibility of securing Dr. Ste 
vens, president of Grinnell College, 
to attend one of the Iowa Chapter 
meetings. He explained that most 
of the chapter meetings should be 
as inspirational and educational as 
possible along heating and ventilat 
ing lines, and also stated that it 
would be worthwhile occasionally to 
have inspirational speakers in other 
fields, such as Dr. Stevens 

The meeting then adjourned to 
join the dinner meeting of the Towa 
Engineering Society at which 
movies of the failure of the Tacoma, 
Washington, Narrows Bridge wert 
shown 
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The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem. 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer. 
ences shall be printed in the next issue of the JournaL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by 
the Committee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his 
grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 
7 applications for membership have been received and the names of these men and their sponsors are published in the following ict 

Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn, the 
Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 
duty of every member to promote. 

Unless objection is made by some member by June 16, 1941, these candidates will be balloted upon by the Council. TT) 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES REFERENCES 
Proposers Seconders 

Beats, Dowex. E., Enegr., Brown, Bellows, Columbia Construc- R. M. Spencer L. S. Gilbert 

tion Co., Corpus Christi, Tex. (Advancement) Jack Davis (Non-member) A. B. Ulirich, Jr. 
Brop, Bernard M., Engr., Suburban Air Conditioning Corp., Thomas Baker A. A. Rose 

Mt. Vernon, N. Y. H. J. Rose \. J. Hinrichsen 
CuapMAN, D. Bascom, Dist. Sales Mer., Clarage Fan Company, J. M. Rittelmeyer S. W. Boyd 

Atlanta, Ga. (Non-member) C, L. Templin 

T. T. Tucker 

Jones, Witt1aAm C., Megr., Johnson Service Co., Washington, J. H. Hanlein P. H. Loughran, Jr. 

DG. L. B. Nye, Jr. F. E. Spurney 
Newsy, Ira P., Salesman, American Radiator & Standard Sani- C. R. Gardner M. W. Brown 

tary Corp., Dallas, Tex. J. A. Bishop R. F. Taylor 
Scorr, Roy M., Owner, Mfr.’s Agent, Roy M. Scott, San Fran- E. C. Cooley J. A. Hill 

cisco, Calif. G. M. Simonson C. E. Bentley 
Semet, Epwarp, Estimating & Construction Engr., McMahon M. Sheffler G. F. Bertrand 

Corp., Claymont, Del. W. J. Searle, Jr. David Ladd 

















In the past issues of the JouRNAL of the Society the names of the following men were listed as Candidates for Membership. The 
membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by the 
Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the follow- 


ing list of candidates elected: 


MEMBERS Wuee er, Cuartes A., Branch Mer., Johnson Service Co., Des 
Apams, Eucene F., Consulting Engr., Omaha, Nebr. Moines, Ia. 
FRANKLE, Harry R., Pres. & General Mer., Air Control, Inc., Wise, Mason W., Owner, M. W. Wise Co., Atlanta, Ga 
Omaha, Nebr. instatement ) 
GatLtoway, Davin, Sales Engr., Bowen Refrigeration Supplies, ASSOCIATES 
Atlanta, Ga. 
Gorns, Epcar H., Dist. Repr.. Warren Webster & Co., San A.iison, Roperr E., Owner, American Sheet Metal Co., Dallas 
Tex. 


Francisco, Calif. 
KENNEDY, WALTER W., Mech. Engr., Barber-Colman Co., Rock- Curt, Rosert S., Mgr. Air Cond. Dept., Carle Electric Const 
Ill. Co., Akron, O. 


ford, 
Kircu, Ricnarp B., Sales Engr., The Trane Co., Atlanta, Ga. Currey, Exxis I., Salesman, American Blower Corp., Philadel 
Knicut, Joun T., Jr., Consulting Engr., New Orleans, La. phia, Pa, 
Leacn, Amos H., Asst. Mer., Robert & Co., Atlanta, Ga. Mitiican, Donatp G., Draftsman, Vent. Dept., G. G. Sharp 
Lorstein, Metvitte C., Chief Operating Engr., Museum of New York, N. Y. 

Science & Industry, Chicago, III. JUNIORS 


Perkins, Rorert C., Branch Mer., Ilg Electric Ventilating Co., 
Dallas, Tex. (Advancement) 

RicHarps, Lestie V., Owner, Richards Oil Burner Sales & York, N. Y. 
Service, Malden, Mass. (Advancement) Youncer, Joun R., Engr., Remington Yards, Minneapolis, Minn 

Rumeoitp, ALLAN H., Branch Mer., Clow Gasteam Heating Co., 
Atlanta, Ga. 

Scanpretr, Harotp R., Estimator, Pacific Gas & Electric Co., 


Howes, Braprorp B., Sales Repr., Johnson Service Co., New 


STUDENTS 


Dickson, Donatp R., Student, Purdue University, W. Lata) 


San Francisco, Calif. ette, Ind. 


SeckINncer, BENJAMIN J., Partner, Seckinger Sons Co., Atlanta, . —— ~ cop 
one J , _me Eccers, WitiiaM K., Student, Clarkson College of Technology, 
Ga. Potsdam, N. Y. 
STERNER, Douetas S., Branch Mer., Barber-Colman Co., Rock Kittoren, Donatp E., Student, Washington University, >! 
ford, Ill. (Advancement) Louis, Mo 
Terry, Samurs W., President, Aladdin Heating Corp., Oakland, Row.ey, Rosert K., Student, University of Minnesota, Mi 
Calif. apolis, Minn. 
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